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PROCEEDINGS- WESTERN AUSTRALIAN I NSTITUTION OF ENGINEERS. 

PAPERS AND DISCUSSIONS . 

• 

The Institution is not respo :1sible, as a body , for the facts and opinions advanced 
in any of its publications. 

PRESIDENTIAL AD DRESS. 
Bv HK\liY T. HAYXES. 

1\Iy first a nd by no means t he least pleasing duty on a summg 
office as President of Lhe In stitut ion, is to thank you one and all 
most sincerely for he greaL honour you have Lhus conferred upon 
me. I fully realise the im1 ortance of the position, and, having 
been a member of th Coun cil since the fo rm ation of the Institu­
tion, am aware not on ly of the calls upon one's time, buL of t.he 
loyal assistance which that Executive has at all times rendered 
to my predeces. ors in offic e. I Lhorougbl~· appreciate (as one 
kindly member exprc. sed it) being ra ised to t he "Peerage ' ' 
amongst engineers in thi · State, and although I accc_n t with much 
diffidence th r espon. ibiliti e. of the offi ·e, I do so with every 
confidence that I , hall receive ttngrudging a. si stance from each 
one of you, and I tru. t that even t hough I may fail to adorn the 
office, I sha ll in no degr e bring discr edit UJ on it. 

Having then acce pted office, the obliga.tion rests upon me to 
deli ver an address of some sort, and thus follow a. best I may, 
the high standard set b.v those who han preceded me. As an In­
stitution, we haYe had li fe fo r fou r ~· ea rs, and although to some 
the re ults may be defi cient of the anti cipation, yet on th e whole 
I consider the li fe has been worth livin g. Let it be known that 
t his I nstitution, li ke many others of its kin d, is worth just what 
value its members make it. Nothing can be more true in this con­
nection than the wo rds of our first P re ident, Mr. Ja.mes Thom]1son, 
M. I . C. E ., " The insp iration must come from the me m hers them­
selve . The ociety must can y on the wo rk. " 
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It is gratifying to note an increase in the membership is 
steadily taking place, the total now on the roll bein g 144, as com­
pared with 120 at the inaugura tion of the Institution . 

One matter in which some improvement is JJO. sible, is in the 
average monthly attendance. ome of our most prominent mem­
ber no doubt haYe so man~' calls on their time that they find 
it difficult to attend every meeting, but inasmuch as their wide 
experience would add so much to the value of the discussion, 
particula rly to the younger members, their ab ence is felt to be a 
distinct loss to the Institution. 

One other remark I venture to make with regard to our dis­
cussions, is their r elative re. t ri ctiveness, if I may use the term. 
Comparatively few of th members enga.ge in them, whethe1· 
because the subjects are o exhaustively treated br their authors 
or whether due to the bashfulness o natural to many Australian 
engineers, is not apparent. All the same, the ho] e i expres. d 
that as time goe on t his will change. There can b e no doubt but 
that personal research on an ~· topic- wh ich ma~· be the subject of 
a paper read before the InstiLuLion, is the best wa~- to gain know­
ledge; an\f to express even a sin gle thought, or to submit a ques­
t ion wiLh a view to eli cit fu r ther in formation from the author of 
a paper is the best way to stimulate interest and impres the 
m mory. There is no piece of work in which an engineer takes 

o much interest, as t h e work he him;:e!f has had a hand in. 

I proc ed now to make some r emarks with regard to that 
great branch of engi neering to which I have th e honour to belong, 
and wi th whi ·h I have, for ove1· a quar ter of a ceu htry, been 
actively associated in Australia, viz., Municipa l or Local Govern­
m en t Engineering. 

To attempt to trace t he histo ry of this worth~· branch of the 
profession from its early in fancy to t h e present, would be a long 
joum ey. It will suffi e to say that ab ou t the £rst m ention of t he 
Highway S urveyor appears in a statute passed in t he reign of 
Philip and Mary in the year 1555, entitl ed a "Statute for Mend­
in g of Highwa,vs," in which Act it is prescribed that "th urveyor 
of High ways sha ll b e an honest per son " chosen by his fellow 
pa,rishioners to serve gratuitously for a ~'ear. Modern parish ioners 
ha.ve fa llen s in re t hen, for th y no longer allow the Highway Sur­
veyor to serve quite g ratuitously. But to revert to t hose old 
t im es, the dut,v was cast upon the Highway Surveyor not on ly to 
k ep open an d free t he highways, but of " improving t hem," and 
it was under th is statute that the principle of compul. ory taxation 
to meet expenses was subst ituted for the ea rli er method of r e­
qui rin g the indi vi dual to provide eith er lab our or nM.terial. A 
tatut pas ed in 1691 r eq uired "The surveyor shall ma ke every 
c:utwa~' leadin g to any m a rket town , ft. wide at least, and as 
near as ma~' be even and level," and "that no horse causey shall 



PRESIDENTI AL ADDRESS. 3 

be less in breadth t han '3 feet." In 1835 t he Highway Act was 
passed. This final]~· did away with the hitherto p1·evailing obliga, 
tion of service in kind. The early years of the 17th century saw 
a large increase in coach traffic and the problem which presented 
itself to the Highway Surveyor of that day is not unlike that 
which presents itself to the same class of official to-day. How are 
we to adapt the highways to the new form of vehicle 7 Then too, 
the parish complained that it was compelled to maintain the road 
which was used by through tra.flic and which did not contribute 
anything to the cost. In this we have an analagous case in wha.t 
we term main roads, which, I may say in passing, the State Gov­
emmen t of Victoria has provided for by the appoin tm n t of a 
Roads Boa-rd, having a capital of two millions sterlin g. However, 
in England, to meet the necessities of the case, the "toll" b<u was 
established under Turnpik e Trusts. This scheme became popular 
and histor,v records the fa,ct that during the second half of the 
18th centmy, there were some 1,100 Trusts con trollin g 23,000 miles 
of road, which cost to ·onstruct over 7 millions sterling, and l-H·o­
duced an annual revenue o£ about n millions sterl ing. This 
scheme did not in any wa~· relieve th parish of its responsibility, 
but was intended to assi. t it . An attempt was made to adapt the 
nature of the traffic to the capacity of the road, rather than to 
make the road such a would stand the traffic; hence the weights 
and width of tyres became the subj ect of r egulation . A great 
advance in Highway Legislation was made by passing the High­
way Act of 1835, which provided for the grouping of parishes into 
highway distri cts, and the election of board s. This was followed 
by the Road Board, and now in England there are as H ighway 
authorities-the F rban Authority, the County Council, and t he 
Rural District Coun cil. Every Urban authority is to exercise the 
office of and b e the "Surveyor of Highways. " The County Coun­
cil s are charged with the duty of repairing main roads, and the 
Lo a! Governm ent Act, 1894, transfers to the Rura l District Coun­
cils, the power of hi gh.wa.,\· authorities in their respective dis­
tr·if'ts. 

Australia is under three principal form s of Govemment-the 
Federal, the State, and the Municipal, each with its obligations 
and duties clearly defined, and its natural privil eges sa Fe-guarded . 
There is of cour e, and a lways will be, a tendenry for the greater 
to encroach on what are thouo·ht to be the ri gh ts of the lesser, 
simply because the le. ser r eceive the authority to exercise their 
ri ghts from the greater, and on the principl that he who gives 
may take away, when the exercise by the le. ser of what during 
centuries of u e have grown to be con idered " rights," in terfere 
with the desires and purposes of the greater, then steps a re taken 
to deprive him of them. 

Municipal Govemment, as we have seen, had its ri se in Eng­
!Etnd a great many years ago, when it began to b e recognised 
that the people dwelling in a community had certain needs peculia1' 
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to their locality, and which could be t be met by the co-operation 
of the peopl forming that community, and so, in proces of time 
persons were elected to see that each contribut d hi fair share 
towards defmying the cost of the convenience desired by the 
majority. lt is as umed the people of a community know better 
what they want tha,n any go1·ernment can, and further, that the 
law cast upon the elected representative. the r s110n ibility of 
se ing that the vrol'i ion wa sati factorily made. Thi obligation 
as w hav se n, had fir t refer nee to highway ; even as early as 
1696, the law placed upon the pa.rish a a whole and on every iJl ­
habitant thereof, the obligation of maintaining all public high­
way., and . o there grew up the principl that the lo ·al authorit.Y 
and no other autJ10rity had I" l cl in it and i respon ible for th 
care and manag ment of th~:: publi · highway. Other bodie and 
corporation have lhc right under certain re trictions to di turb 
and break up 1 h HurE~tce of an~· . treet or road for the purpose of 
can ·ying on their pe~uliar und rtaking. Th principle in the la1Y, 
however, recognises the right of the local authority to control the 
highways, and was pa sed in the day when onl.1· rri1·ate companies 
or indi1·iclual conducted uch bu ine a ga , water, el ctric and 
tramwny unci rt akin g., and hence it wn n t on ly very necessary 
in the interest of the public that the right of th local authority, 
their r pre entatives, should be presen·ed, but that the mean of 
enforcing a recogn ition of those right wer imp] and effic ient. 
A. tlw proYi ion of these convenience pa.. out of the hancls of 
printte individuals and compan ic. into the direct control of 
. uperioi' goYemmcnt , the local authoritie find it more din1cult 
to r tain the c·ontrol of the highway committ d to their charge, 
while Lhey nre in no way r lieved of tlw primary respon:ibility 
attaching thereto. L-nder . ome of the existin& condition , roads 
arc opened, undres eel pole which di . figme our tr ets are rrect­
rd, without flny recognition whatever of . tatutory obligations: and 
h nee, that condition which it has alwa~· s been the effort of legisla­
tors tc avoid, nam ely, dual control, automatically creep. in, lead­
ing to friction and li s ·at i faction. Tt i. 110\1. beginning to be 
rreognis cl that the highway forms part of the machin . and that 
just as the railway ngineer mu t accommodate hi. road bed and 
rail to hi lo · motive . u th highwa,1· engin eer must ada1 t the 
highway to the character of the v hicle which traffic. it. For it 

great many years, up to po .. ibl.v tlw last 20 years, th general run 
of J'oacl-making methods remained stationary, when with the ach·ent 
of motori. m. thP rJr,lland came for a r vi ion of methods. Tn the 
old coaching days many of our road wer in fine condition: then 
with Lh progre.: of railways ~tnd the c·o n equent decline of the 
coach, th roads bec·ame neglected. Now, howeHr, a n 1r condi­
tion ha . ari en. and the highway engineer f to-d~y mu t be ,,ble 
to meet it. All must acknowledge that good roads ar essential 
to the development of the country a railwa,1·s. and wr may be 
quite crrtain that th t;ime i not far di tant when in lhis , tate 
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we shall find motor wagon or traction trains proposing to as ist 
the farmer by offering to haul his produce to the railway station 
at a far less rate than can now b done by hors traction, proYided 
the road is suitable to co:trry the loads. 

ln thi kly populated centr s the road which i now most p pu­
lar is the bituminous b und ma adam. The first piece of this class 
of r ad laid by the author, was during October, 1 99, wh n the 
application was little known in Australia. Th method was to 
ree at the old road with clean basalt brok n to 1 ~in. gauge, and 
Lop ·oat it with chips of the same mat riaJ and well roll it with 
10 ton team roller until the m·face was a perfect in form and 
stability as obtainable, then to w p off any surplus dust, and to 
lay a 2in. coat of 1 in. b:t alt, previou ly well oated with di tilled 
coaJ tar. The tarred t ne had b en tored about thr e w ek 
aft r tarring, and when , pread wa quit tough. It was lightly 
rolled, and th n pre ented a perfectly smooth and water-tight 
coat, tan lin g the traffi remarkably well. At th end of 20 
month it receiv cl a toJ1 dressing of b ilcd tar and tone c·hip~ . 
The onlv tr ubl c was tint horses not a ·ustomed to it found it 
·lipp r.\': From that small beginning its application spr ad Yery 
mpidly. In Perth the fir t application of th same y tcm was, 
so far as 1 am aware, mad by the author in t. George's Terrae 
in April. 1906, ju t nine years a o, the a ·tual co t being 2.36/- Jl r 
. quar .vard for an ar a of 2,353 quar yard , and th work till 
remain , th annual maintcnan(· probably not exceeding nd. p r 
sqnar ,ntrd. Tar at that tim was 7d. per gallon and labour 1s. 
per hour. 

Another method of the application f tar to road m·face is 
in th form of a pra~· on ordinary wat r-bom1d gravel or macadam 
roa.d s, where th tar after application is cove red with . ar.d or ston 
thip., and all hough this i. Yet·y us ful a. a dust prevenfati ' e, it mu t. 
n ver b confound d with ta.r macad'lm r be regarded as a p r­
man nt work. At b st it will n t en· for longer than 12 to 1 
m nth per applicatio n, and to be eft-icicnt hould b applied 'ery 
12 month . 

An imnorLant questio'l "'hich pre ent~ itself to ,· er~· co'l ­
cientous engineer is whether the character or the work he is asked 

to put iu will la. t the (·urrene~· of the l an (if it b loan work) 
1· at lea t will not weat out at a greater rate than the inking 

fund accumulat . A good nutn~· roads now b ing made out of 
20 Lo 2i y ar cutTenc~· loan will not last half of that 
peri cl. Of c urse ' an never ha.vc a pi ce of work 
just eease to xist at the date f loan repayment, but th mo1· 
life it has left in it on that date, the more credit is refie ·ted on the 
engin r. The ratio which the annual maintenance eo t bears to 
th fir t eo. t is a Yery important que tion, and in the autho r' 
onl'llO'l i shoulrl n<>vP1' be P"•·eater thall one twe'ltieth, and ught 
to b l ss in proportion as the cost of th work increas . How-
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ever, the cost limit is the factor which governs road construction 
as well as most other things, but in the matter of road construc­
tion it is difficult for any but the experienced expert to accurately 
estimate just what the cost limit should be. It is governed not 
only by the cost of labour and materia l, but by the nature and 
extent of the t raffic it has to carry; hence, while £20 per chain 
might be excessive in one street, £40 1Jer chain might be reason­
able for a street of the same width in another; so that while there 
cannot be laid down any hard and fast rul e, there should be a 
uniform ratio between the cost and the estimated volum e of 
traffic. 

It is not my intention on this occasion to enter on any detailed 
description of the various methods now adopted to meet the needs 
of highway t raffic, but to say something wi th regard to the impor­
tance of municipal life generally. 

First, I should like to invite your attention to the magnitude 
and consequent importance otf Local Government in this part of 
the EI'l}pire. 

Local Gove1·ning Institutions were founded in Australia in the 
year 1839, when the first Municipal law was enacted in South Aus­
tralia, which thus became the birth-place of Local Government. 
The fir st election to Municipal Counci llorship took place in Ade­
la ide on 31st October, 1810. Two years later the New South Wales 
Parliament passed the Sydney Corporations Act, im posing upon 
the Council the duty of constructing and maintaining roads, streets, 
sewers and water works, to light the streets and generally to look 
after the physical comforts of the public. In the same year, 1842, 
Melbourne was incorporated 1mder a Special Act as a town, and 
raised to the dignity of a city in 1847. Geelong, in Victoria, was 
incorporated under the same Act in 1849. These two Municipalit ies 
:still control their local affairs und er t hese old Acts as amended, 
and they are t he only two in Victoria which do so, a-nd a re allowed 
to elect Aldermen . In 1842 an Imperial Act empowered the Gov­
ernment of New South ,;y a les to incorporate any part of the coun­
try for the purpose of Local Government tmder District Coun cils. 
U nder the Imperial Act of 1850, which granted to Victoria respon­
sible government, power was given to divide the State into Local 
Governing Districts. 

In Queensland, Loc'1l Oovernm nt was established b_,- the 
incorpora-tion of Brisbane as a Municipali ty on 7th September, 1 59, 
by I reclamation about th ree months prior to the separation of 
that State from r ew outh Wales : and by an Act pas ed by the 
Queensland Parliament in 1861, power was given for the incor pora­
tion of any city, town or distri ct on petition to the GoYernor signed 
by 100 r esident householders. 

Our own State was t he la-st of the group to be granted the 
privileges of Local Governm ent, the first Act being pas ed in 
J anun.ry, 1871. 
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The Local Government Statutes in a ll of the States haYe 
undergone considerable change and en largement as settlement has 
taken place and local needs have become more pressing. The 
central idea is that the local governing body shall be the local 
highway authority. Its primary duty is to construct and care for 
the roads and bridges within the area l.;_nder its control, and al­
though at tim s by r eason of the increased traffic due to rapid 
settlement a nd increase of commerce, local authorities have been 
hard p ressed to find the means to meet the demands for better 
ro:tds, a nd although t hey have had to appeal to the Central 
Governments for financial as istance, which where possible and 
warranted, has a lways been readily given, they have very strongly 
opposed as an interference with their natural rights as Local Gov­
erning Bodies any attempts by the Central Governments to enter 
their districts :tnd make the roads without their consent, although 
as time rolls on there seem to be indications that these rights will 
become more a r elic of the past than a possession of the future . 

At the present t ime the various local governing statutes va.ry 
considerably in detail, still in prin ciple they have the same ob ject 
in view-the provision of all those conditions which tend to con­
serve and promote the physical well-being of t he people, in t he 
matter of hi gh ways, public health, sanitation, pure water, whole­
som e food , correct weights and measures, recreation, libraries, 
transport, the support of charitable institution s and the prevention 
of loss by flood and fir e. 

Victoria was, I believe, the first State to introduce a very 
comprehensive system of Local Government, due po sibly to the 
rapid developm ent which follow ed the gold rush in 1852. 

The Roads Act passed in 1853, makes a distinction b etween 
main roads and parish roads; th e m:tin roads b eing placed under 
the care of a Central Road Board, whi le parish roads wer made 
and maintained by District Coun ci ls. 

It is very interesting to note Lhat after a lapse of 60 year this 
system should b e rever ted to by the establishm ent of the Coun try 
Roads Commission ers, which was appoin ted on the 26th March, 
1913, under special Act entitled the Country Roads Act, with 
a capita l of £2,000,000 to be expend ed in fiv e years. 

The Centra l Road Board before r £erred to was abolished 
Ly the Shires Act passed in 1 63, wh ich was the r eal beginning 
of a system of Local Governm nt, and which did yeoman service 
for the early settler of Victoria.. Victoria was the fir. t State to 
re •ogn ise the importance of placing its Local Governm ent expeu­
ditm:e on work in th e hands of non e but the skilled engineer. 
In t he L. G.A. of 1874, 41 years ago, a clause was inserted requir­
ing persons before appointm ent to t he p o ition of Lo;:al Govern­
ment Engin eer to hold a certifi cate of competency, nor would the 
Governm ent pay to anJ' Coun cil any pe ia l mon ey grant un ti l a 
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certificate that the work in r espect to which the grant was voted 
was certified to by a cer t ificat ed engin eer . The result was that 
the Municipal Engineer in Victoria b ecame an entity, and the cer­
tificate though difficult to obtain, was eagerly sought after. 

Another important provision in the 1 74 Act, was an annual 
endowment of £310,000 for Local Government, which, in later 
years, was incr eased by Parliament to £450,000. With a gift of so 
large a sum ann ually, it was but t h e exercise of ordinary caution 
on the part of t h e Government to see that the actual expenditure 
was under the supervisiOn of the qualified engineer. 

In New South V•l ales the development was much slower. The 
original Act of 1858 served fer nine years, when t he Act of 1867 
was passed. This serve::l with certain amendments, and amid much 
complaint unt il 1905, some 38 years, when the Shire· Act b ecame 
law. This was furth er develoyed in 1906 by the passage by Par· 
liament of The Local Government Act, 1906, under which Act, 
•vith subsequ ent amendments, the Local Government of New South 
Wales is administered. It may, howeve1·, be mentioned that of the 
Sta,te's area of 310,367 square miles, only 183,569 square miles are 
in "orporated, the whole of the Vvestern Division being excluded. 
To give an id a of t h e magn itude of some of the areas over which 
the Local Governmen t Engineer has charge, one shire has an area 
of 5, 730 square miles. It fm ther serves to emphasise how impor­
tant it is, from an economic standpoint, that the person charged 
wi th the spending of public moneys over such a wide area hould 
be thoroughly trained and well qualified for h is work. It is cer ­
tainly not the place for t.he untrained amateur, however well­
meaning he may be, and t his the legislature of New South Wales 
recognised, because it included in the Act a clause prohibiting the 
appointment to the position oE engineer, any person not holding 
a cer t ificate of qualification. 

In Queensland, Local Government passed through all the 
evolutionary sta"'e , each an improvem ent on its pr decessor , the 
first Act b eing passed in 1861 and amended in 1864, unt il 17 years 
later the Local Government Act of 1878 became law ; but thi Act, 
a lthough based on the Victorian Local Government l .1 ct, did not 
apply very satisfactorily t.o t he vast a r eas of Queen land; hence 
in the next year a new Act was passed, creating Divisiona l Tioards 
and was applied to 660,000 square mile of country exclusive of 
existing Municipalities. This huge a r ea was divided into 72 clivi­
sons. Subsequently, and as a r esul t of a Royal Commission, a n ew 
Act was passed entitled t h e L ocal Authorities Act 1902, which , 
with amendments, is t h e law un der which Local Government i. now 
administer ed in Queensland. The Queensland Act of 1902 does not 
require the engin eer to hold any qualification, but it provid es t hat 
the Minister may order an Inspector to exaP'.ine a ny local work or 
to super vise i ts execution and prohibit thP local a uthority m aking 
any payment on account t her eof, unless on the cer t ificatf' of t h e 
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Inspector, and further the Inspector may be called ttpon by the 
Minister to report on the competency of the officers of the local 
authority to undertake a.nd satisfactorily complete any work in res­
pect to which the State Treasurer proposes to advance n1on ey. All 
this may be very necessary und er the circumstances, but it is very 
humiliating to any one filling the office of engineer. 

Lo al Government in W.A. is of two kinds, operating tmder 
separate Acts, known shortly as the Municipal Corporations Act 
1906, and the Road Act 1911, the officia.l title::; of the governing 
bodie being in the fi r st, Municipal Cotmcils, and in the second, 
Road Boards. The Acts have much in common, though differ­
ing in some matter s of importance which it is not 11ow convenient 
to review. 

Of Municipalities there are 38, 14 of which are in the Metropoli­
tan Area, and 24 in the more closely settled portions of the country 
and Goldfields. There are 110 Roa.d Boards, ·which administer 
Local Govemment over an area of 975,809 square miles, while t he 
area administered b ,Y Counc il s is only 111 square miles, making a 
total oi 975,920 square miles, the a rea of the whole State. The 
fir st Act relating to Municipal Government became law on 2nd 
January, 1871, under which Perth, Fremantle, Albany and some 
!talf-doz en other principal centres were gazetted Municipalities in 
the ea rly part of 1871. At present Municipalities are working un­
der an Act passed in 1906, and the Road Boards under an Act of 
1911, and although Bills dealing in a more comprehensive manner 
have been drafted, they have not yet r eceived the sanction of Par­
liament. Th ere is no clause in either of t.he existing Acts r equir­
ing engineering qualification, but it has been promised that when 
the Local Government legislation is again tmder review, the sub­
ject o{ engineering qualification will receive consid eration. 

I am led at this stage to make some r eference to the status of 
the engineer in this Sta.te, particularly in its Local Government 
branch, although my remarks are not ntirely without general ap· 
plication. It has appeared to me a matter for regret that the pro­
fession has no legal status. Any person having a limited practice 
and knowledO'e may receive an appointment if he has a sufficient 
number of friends to obta.in it for him, which, in my opinion, is 
not in the interests or the profession nor of the public. The ten­
dency of such a condition seems to me to cause young men to 
di sregard the importance of plodding patiently along t he dreary 
way of investigation of principles and theories, and to give more 
attention to the less tedious and more remtmerative application of 
the results of others, and when in difficulty to enquire of a neigh­
bour. The establishment of our University should, and no doubt 
will, tend to cure this, but the cure would be much more certain 
if a ll save those who attained a standard were discouraged. There 
are gentlemen in t his State holding engineering positions of com· 
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parative importance and under whose direction and management 
considerable sums of money are annually expended, who in some of 
the Eastern States are barred by Statute from similar positions 
in the smallest Country Shire or local authority, and we may find 
the appellation "Engineer" following the names of men who are 
ignorant of the first rudiments of the profession in any of it:; 
branches. 

I do trust it will not be thou ght I am desiring to create a close 
corporation for engineers or that I am seeking to p lace obstacles 
in the way of any man's progress, nor am I supposing that the mere 
non-possession of a statutory certificate necessarily indicates that 
such a person is unqualified to perform engineering work. My de­
sire is to elevate the profession particularly in its Municipal 
branch, so that those who attain to it may realise that they have 
achieved something that was worth while, and further that the 
public may have greater confidence that the men they employ are 
thoroughly qualified, whil e the men themselves may feel they are 
eligible for appointment in every part of the Commonwealth. I 
am not unmindful that hith erto the young engineer and engin ePrf\ 
generall y, have laboured tmder great disability, some isolated in 
distant parts of the country, and when in town restricted to a some­
what narrow routine, working for the most pa r t to standards and 
in strict accordance with regulations without much opportunity 
for the exercise of initiative. H e become a sort of pecia list it 
is true, but pretty much lik e the factory girl who pecialised in 
sewing buttons on with a machine, and when the machine broke 
crown could do nothing b ecau'se she had not learned how to sew 
them on by hand. 

As I have b efor e suggested, our Un iversity conducted as it is 
with such r emarkable liberality, provides a means whereby any 
person having the n ecessary preliminan' education may b e 
thoroughly trained in a ll the principles of the profession. I ven­
ture to think the time has arrived when steps should be taken with 
a view, not only to raise th status, but to ensure a high degr ee of 
efficiency and economy in design and execution; to obtain a sta­
tutory bar to any person, under a ceftain length of experience in 
any particular branch, styling himself or practi ing as an engineer. 
We are all aware that there exists such a bar with r espect to un ­
qualified lawyers, doctors, dentists, surveyors, and even the hum­
ble, though important, position of H ealth Inspector. And impor­
tant as a ll these profession s undoubtedly are, they are not more 
so than the profession of engineering, dealing as it does, not only 
with enormous sums of money, but with the safety, comfort, and 
continuance of human life, in our railways, water supply, sewer­
age, harbours, highway construction, and many other undertakings 
so necessary to civilised humanity. It was the late Sir James 
Clarke Inglis, M.Inst. C.E., General Manager and Engineer of the 
Great W estern Railway, who said, "It does not require great 
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ability to handle a situation in which r esources are boundless. 
True ability is that which can get the greatest results out of the 
lea~:;t means and without the detailed knowledge of principles this 
is impossible." 

It may not be without interest to r efer short ly to the stan­
dards set up by the New South Wales and Victorian Local Gov­
ermnent Acts and also by the Institution of Municipal and County 
Engineer s, England. In New South V.,T ales cand idates for certifi­
cat es of qualification as Local Government Engineer ar e requirea 
to pass an examination in the followin g subj ects : La~·ing out ana 
construction of roads, bridges, etc. ; theory and design of struc­
t ures and strength of material s, drawing, preparation of specifica­
tions, calculation of quantities and estimates of cost, surveying, 
hydraulic and sanitary engineering, and the examining board con­
sists of four engineers appointed by the State Government, one of 
whom is a Local Government Engineer of standing. 

In Victoria, the exa-mination embraces : Surveying; principles 
of engineerin g construction, as strength of materials ; beams, 
columns, arches, factors of safety; production and transmis ion of 
stresses, and strains in structures ; special structure in stone, brick­
work, concrete, cast and wrought iron or steel ; reinforced con­
crete; drainage and sanitary engineering-discharge from water 
sheds; flow of water in chann els, pipes, etc. ; treatment and disposal 
of sewage; road and str eet engineering ; location and grading ; 
town streets; construction and maintenance; cleansing of roads and 
streets; design of bridges and culverts in masonry, timber, iron 
or steel, and retaining walls; and the examining board consists 
of three engineers-the Professor of Engineering, Melbourne Uni­
versity, a Local Government Engineer of standing and an engineer 
b elonging to the State Departm ent of Works. 

The Institution uf Municipal and County Engin eer s, England, 
conducts examinations, and, whil e the certificates i~ ued have no 
legal significance corresponding with those issued in Jew South 
Wales and Victoria, they are r ecognised by Local Governing 
Bodies as being a satisfactory indication of qualification. The 
subjects are : Sewage disposal; tramway construction; bridge 
construction; water supply; geodesy ; hydraulics ; sewerage; road 
construction and maintenance; materials ; construction of public 
buildings ; building bye-laws; public baths and hospitals; Munici­
pal and Local Government law. 

It will be gathered from this that the standard in England 
is much higher and comprises a knowledge of a wider range of 
subjects than in New South Wales or Victoria, and in Victoria the 
standard is somewhat higher than in New South Wales. The pur­
pose in r eferring to these examinations is to indicate the standard 
of efficiency r equired by local governing bodies in the Eastern 
States and in England. 
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Passing now to something of a more concr ete character, with 
a view to showing the magnitude of engineering works carried out 
by local governing bodies in Australia, I desire to point out that 
during 1912, Local Government authorities in Australia expend ed 
in public works, four million potmds out of r evenue alone, and a 
very considerable smn from loan , there being rai sed during the 
year £2,076,4 6. In any case the amount expended in works could 
not have been far short of fiv e million sterling amoncrst the 1031 
local authorities. 

We tern Australia 148 
South Australia . . 178 
Victo ria . . . . . . 20 
New outh Wales . . . . . . . . 324 
Queensland . . . . . . . . . . . . 173 

The net revenue of all Local Governing Bodies during 1912 was 
7! million pounds, which, with loan rai ed, increa ed the amount 
to 9 1-3rd millions. I merely mention this to indicate the large 
responsibility whi ·h is ea t upon l\Iunicipalitie. . lL i. not my 
desire to burden you with a host of figure , nor ind eel to use one 
single figure more than will ser\'e my puq o ·e of bowing you t he 
importance of Municipal engin eerin g, a branch of the profession 
which I fear in this State at least has not hitherto rcceiwd its due 
consideration. Private enterprise has done much; State Govern­
ment. have done their be t; Local Governments have made mis­
takes and in some measure failed of their highest possibilities, 
still it i doubtflll if any institution or combination ministers so 
much and so well to the phy ical needs and comfort of the people. 
Certain it is that no spender of public moneys can get so much 
value for money expended as Local Governin g Bodie : but the e 
eYcn might do better if th ir public works administration and ex­
penditur was entir ly in the hands of the highly-trained and cap­
able Municip}1l engineer in stead of, a we £r quently find it, in the 
hands of the well-meaning though untrain d official. 

ALLstralia ha an area of approximate!~- 2,94 ,366 quare miles, 
of which J ,963,122 square miles are incorporated. Practically one 
million square roil . ar unincorporated: 

New 'outh \Val es . . 
N orthem Territory 
South Australia . . . . 
F ed ral City . . . . . . 

126,79 
523,620 
334,219 

910 

Ther are 1,031 Local Governing Areas under the ti~le of Munici­
palities, District Councils, hires, Road Boards, havmg a total 
annual r evenue of approximately 7t million pounds; an expendi­
ture on engineering works of £4,100,000 exclusive of loan exp ndi­
ture, and these figures r epresent a considerable direct taxation and 
should in themselves he sufficient to indicate the great and impor­
ta-nt service which is cast upon Local Governing Bodies and inci-



PRESIDENTIAL ADDR I· SS. 

dentally the obligation which r ests upon the officers who are 
charged with the responsibility of seeing that the money is effi­
ciently and economically expended. Throughout the whole area 
under Local Government control there are upwards of 200,000 miles 
of roads, of which 70,000 miles have been more or less improved, 
while 130,000 miles are merely formed or in a state of na.ture. The 
mileage of roads is ever increasing as settlement proceeds and 
great tracts of country are subdivided . The figures gi,ren can only 
be taken as approximate, although compiled from such official 
records as are available. The purpose is not to give an absolutely 
accurate record so much as to indicate the magnitude of the work 
which lies before the Highway Engineer, and incidentally to sug­
gest the enormou annual loss which the people who are compelled 
to carry goods and travel over the 130,000 miles of tmformed roads 
must sustain. In the country districts of this State it is usual to 
estimate haulage at 1/- per ton per mil e, and in some cases I 
know it i larger, and further that over some of the roads it is not 
possible with a two-horse cart team to haul more than one ton 
weight. According to Loc:al Government returns there are at 
least 21,691 mil es of unm ade road in Local Govemrn nt areas in 
this State, which, at the low rate of £900 per mile, would r equire 
an expenditure of something like 19~ million l~ Otmd sterling to 
construct; and yet as engin eers I feel . ure that we have every con­
fid ence that the work is b.r no means beyond the State's merit or 
resources, and further, I will venture with all seriousne s to say 
that the economic value of good roads i. such that wherever there 
is sufficient traffic to warrant a road at all, it pays to make it a 
good one, and the reduction in cost of haulage per unit of weight 
itnd distance is such that all capita l co t charges could be paid, 
and a margin left. 

The expenditure actually incurred in connection with the con­
struction and maintenance of roads during t he year 1912-13 amount­
ed to £3,400,000, exclusive of loan expenditure, and it is iuterGst­
ing to note that in Victoria and in outh Australia the amount 
expended on maintenance was about double that execnded on uon­
struction, while in New South Wales the amounts are about equal. 
In Western Australia under Road Bomds, the expenditure on con­
struction is about double that on ma.intenance-a condition of 
affairs one would expect in a State which is so rapidly developing. 
With regard to the Shires of Victoria, I find the expena!ture on 
maintenance and construction about eq ual, t he actual figures being, 
£263,952 and £265,669 r espectively. I think a consideration of these 
partic!llars should serve to emphasise the wisdom of skilful and 
substantial road construction, with a view to the r eduction of main­
tenance to the lowest po sible figure, particularly in this Sta.te 
which has so many thousand of miles of roads to build, and it is 
a lmost a pity that detailed information is not avai lable which 
would enable one to ascertain the ratio which the cost of main-



HENRY T. 1-li\YN ES' 

tenance bears to the first cost and mileage of the various classes 
of roads constructed. Such information would be invaluable to 
the Local Governm ent engineer and would probably be an un­
answerable argument and would serve to check the tendency which 
is too prevalent to sacrifice stability to undue low first cost. As in· 
dividual members of a great utilitarian profession we need to 
bring too bear all the energy of our wills to oppo e this baneful 
tendency and to remember the greate t e onomy i · to be achieved 
by skilful design, careful execution and proper organisation, rather 
than by the production of low grade work. 

In addition to des igning and caring for the highways, demand 
i made on the Mtmicipal engineer for the exercise of expert know­
ledge in many other departments. H e must be able to satisfactorily 
deal with problems in storm water drainage, bridges, tramways, 
sewerage and sewage di sposal, sanitation, water supply, gas and 
electric undertakings, buildings. In fact the work which engages 
the attention of the l\1UJ1icipal engineer is of necessity very varied . 
H e is required to keep in close touch with all modern im prove­
ments wh ich ar e from t ime to time introduced in vari ous parts of 
the world to !lleet the demand of an ever exacting public. The 
invent ive genius of t he few creates t he need of t he many and the 
engineer is called upon to meet t hat need. As a communi ty be­
corn s more educated and its life mo1·e strenuous, so it seeks 
great r convenience, comfo rt, healthy and p leasing surroundings, 
a higher standard of sanitation, a more picturesque lay-out and 
finish of thoroughfares, means of rapid and smooth transit, thus 
considerab ly increasing the r esponsibili ty of the Municipal en­
gineer and compelling him to r ealise that h mu t grow or die ; to 
stand still and live is impossible, and to attempt to do so is to 
throw himself into the backwash where after drifting a imlessly for 
a littl e he finds himself cast on the bank never again to enter the 
str eam of life and work. 

It is only of recent years that the Municipal engin eer has been 
called upon to study the aesthetic featUI· es of the lay-out of towns. 
F ormerly the land surveyo r, slavishly bound by his ri ght angles, 
laid ou t the lin es of road without any r egai.·d either to contour , 
level, or aesthetic appearance-straight over the impassable bar­
rier of rising ground, down the precipitous slope into the valley, 
crossing the stream at any angle to its course which seemed most 
convenient, leaving it to the engineer to d-eviate to more sttitable 
and correct lines of communication. This in country di stricts is 
compa ratively easy where land is sparsely built upon and where 
drainage w.:tys may be acquired at low cost, but in cities and towns, 
where, as is the case in many instances within the author's own 
knowledge, the lowest level of the surface of the road is not at an 
intersection, but mid-way b etween cross roads at both ends. Such 
a street closely built upon presents not only difficulties in drain­
age, but very costly work to render the locality comfortable for 
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occupation. The energies of the Municipal engineer are being 
directed to deal with these objectionable features and his advice is 
now sometimes sought to obviate their recurrence, and also in the 
development of lands for bmlding areas. I am beginning almost to 
think he will require to add the profession of landscape gardener 
to his many qualifications; certain it is that he must be able to 
foresee the purpose and effect of street cultivation, of ornamental 
plots and of garden reserves in the public highway. 

One of the greatest problems which confronts the Municipal 
engineer is how to reduce the number of street openings in con­
nection with sub-surface services, such as water, gas, sewage, tele­
phones. In the latter service the postal authorities have wisely 
selected the footpath, and it is -very gratifying to note that only 
quite recently the water authority has adopted a similar course. 
This, however, does not get over the difficulty of transverse open­
ings for domestic services, although it in a measure minimises their 
number, and this is a matter of very great importance, more 
particularly since the advent of wood-paved and bituminous-bound 
macadam, because the perf et reinstat ment of openings of such 
roads is a work of the greate t difficulty and requires the greatest 
skill, and as Lowell says: " Th e worl d advances and in time out­
grows the laws that in our father 's day were best. " I am b e­
ginning to think the t ime has arrived when local authorities should 
be given the power when t he laying of a permanent and costly 
road-pavement has been determined upon, and prio\' to carrying 
out the work, to require the owner of all gas, water, and such like 
perishable conduits and services, to open the road and examine 
and substitute good pipes for any t hat may appear defective, and 
to lay any new services that might be required, on the under­
standing that no subsequent permission to disturb the permanent 
pavement would be granted for a term of years, save only where 
absolutely necessary in case of a leak, and even then under sub­
stantial compensation. An alternative suggestion which might 
give our gas and water engineers cause for reflection is to lay 
future water and gas reticulation pipes on lines similar to those 
adopted by the Sewerage Department, that is, via back right-of­
way or adjoining t he back fence of back to back allotments, thus 
keeping the pipes out of the streets altogether, save only at cross­
ings. Fire services could be provided for by branches to the fron­
tages at suitable intervals. Yet another alternative which offers 
is to lay sub-mains under each side-walk, and, although this might 
inr\ur a somewhat larger out lay for mains by the gas or water 
authority, the reduction in the length of service lines would be 
such that, as a whole, the total outlay would not be much in excess. 
In any case t he difficulty arising from pavement disturbance would 
be solved, and that is my chief object just now. Where road open­
ings are made the Municipal engineer finds it almost impossible 
to obtain a satisfactory reinstatement, due possibly to the fact that. 
the persons effecting t he repair do not appreciate its importance. 
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It is extremely impottant that the l:nmdation of the opening hall 
b so conso lidated that furth er settlement is practically impo sible. 
This can on ly be don e by much patient labour in damping the fill­
ing mat rial and consolidaLing it in thin layers, so thaL when the 
pav ment is relaid it . tu·facc hall coincide exactly wi th that of 
the road adjoin ing and r ema.in so with no ri sk of ettlement. The 
common pract ice of refi lli ng so as to a llow for ett lement i bad, 
· nd ve ry un ati. factory, for the rea on that the amoun t of settle­
ment can never be accurately ga uaed, an d c n eq uently the result 
i: either a hump or a depre ·ion all the time . Any irregu larity in the 
surfat:e acce lerates destruction by wheeled Lrafnc, b ecause there are 
introduced quite a dif'fCl'enL set o f. comlilion s than a ri se from the 
traflie on a pe rfectly smooth and uny ielding surface. In the latter 
ea e the re is li tt le othe r Lhan the infiuence of dir ect compression 
dm• Lo Lhe weight carri ed, whil e in the form r there is t he added 
i1,fluene of impact mcreasing wirn tne square of the v lo ·i ty and 
with Lhe d pt,h of the depress ion , and also Lh lateral thrust in the 
rlirection of the advancin g wheel causing or tend in g to cause t.he 
road c·rust Lo Lravel late ra ll.v or be pounded and acting at it maxi­
mum probably in a plan e about one-third the depth of th depres­
sion . l.n a much as the mod rn road crust in an asr halti c or a 
bitun11nou. -bound ma.cadam road will not exceed 4 in ch e. in thi k­
ness, it is manifest that the resistance to depre sion mu. t be borne 
ent1rC'l,\· by the foundation, hence Lhe impo rtance of electing hiah­
class resisLant material and rcgulflt ing the Lhidmess f that 
material so that the heavit>st loild lik ely to be appli ed will be dis­
t ri buted o\·er a sufficiently large area of th ea r th below t hat there 
shall be no subsidence, becn.use, after all, it is the natural earth 
which is to car ry the lo'ld and the arLific ia l foundation has practi­
call~· no re i tance to er os. breaking or deflection unless it be of: 
cement conc rete or b reinforced, and the man who open. a road 
pa\·crnent should not feel . atisfied that he has done all that can 
reasonably b e expe ·Lccl of him when he ha · put back a ll tlutt he 
t<.ok out. 

An imporLant ph;ose of the que tion whic·h demands investiga­
tion i the suitabili ty of th stone and oLhcr mat rial used in road 
work. In England a nd elscwher , particularly F ranc , who e road 
makers are said to be the b st in the world, investigation of a 
highly cient if1 c as well as practical cha ract r has b een going on for 
v ry many years, with t he re ult t hal th various r ock has been 
tested not on ly in the laborato ry anrl und er the miscroseope, but 
on Lhe highway under different climaLi · conditions and density of 
Lrafne. Tho r snlt have been tabulated so that now the road 
engi neer may know with a conr..idera.ble logree of certainty the be­
haviour of any p1ece of road which be con. t ructs and need not incur 
the expense of laying experim ental pieces of work. In the U nited 
, lates of America also, th officers of the F ederal Geological Sur. 
v y have compiled a lot of very valuable information on the sub­
ject of road -making rock. 
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lt would , I consider, b e a ve ry excellent a nd economic under· 
ta king if engin eers engaged in 1·oad-making and the officers ot our 
Geo logical Department a nd the engin eerin g branch of the Univer­
sity, could co-operate with a v iew to imila r investigation. 'Gnd er 
exi. ting conditions the stone nsed in road construction may be ot 
any class pr ovided it answers to the generic term of granite or 
diorite, and in a b·uck of five tons weight one may receive half-a­
dozen grade~. of eith er materiaL Ther e ha b een no attempt, so 
far a. l am aware, either on t he pa rt of ou r quarry managers or 
general user to asce rtain t he r elative merits or sui tability of any 
tone that is u ed . Many important considerations are involved 

in the election of ston e, such, for example, as hardness, tough­
ness and binding properties, a lso its absorb t ivity, its physical 
struct··1re, and whether it was undergoing or had r ecently und er ­
go ne change which was . likely to produce early disintegration . 
La rge ratios of fel par are sa id to cont ribute dust in summ er and 
mud in winter, while hornblende tends to toughness, and there­
fore was a valuabl e property. 

The microscope is a valuab le in strument in investigating t he 
uitability of t he stone a r egards its structure, but t he prepara­

tion of t he specimens r equir es considerabl e skill and care <m d the 
use of Yel'J' t ru e machin ery. Th e specimen is fir st sawn to about 
l 8 of an in ch in thi ckne s and then one face ground perfectly 
smooth and afterwards ceme,Jted to glass. The other side is th en 
ground t ruly parallel and so thin that the specimen b ecomes trans­
parent. A microscopic examiJ, ation of this thin specimen reveals 
the size of t he crystals. B.ocks having small cn ·stals a.re bett~r 
than those in which t h e crystals a r e large, a nd again those in which 
the crystals a r e well interlocked arc tougher t han t hose otherwise. 
The p resence o[ small cell s, while a disadvantage from the point of 
,·iew of crushin g resi tance, are valmtble where bituminous com ­
pounds a r e to be used as binde rs. Ston e contain ing minerals which 
l' t' \ ' ·a ] distinct lines of cleavage a re not desirable for road work, 
becfl.u e of their te ndency to disintegrate under traffic. The inYes­
t igation is on of very consid erable importance and would fo rm a 
ve ry interesting subj ect for a r esearch by ome of our younger mem­
bers. 

As t his Institution represents engineer s in all branches, I am 
tempted to r efer to a matte r which has occupied my mind for some 
considerable t ime-the narrowness of t he opening to memb r s of 
the profession who d esire to enter upon private practice. I am 
aware t han fo r a long t im e it has been the practice of local a.uthori­
t ies who are without pr fessional offic rs to apply to and obtain t h e 
services of engineers who are on the Public Service staff, with the 
result that some of our brethren in private practice suffer hard ­
ship. It may be offered as a justification that the money to b e 
expended is public money, and that the local authorities are 
generally shor t of funds. Th1s is hard ly a sufficient justification 
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for rend ring gratuitous service and any local authority having 
public money to expend would save by placing that expenditure un­
der skilled supervision, rather than by obtaining engineering ad­
vice and the supervision by a for eman. I think the private prac­
tice engineer should receive some encouragement, otherwise the 
State may lose the benefit of the initiative in design and economy 
in execution that the engineer in competition with his brethren 
would supply. It seems to me that after the calamitous war now 
raging there is a great future for the engineer in Australia. Aus­
tralia must be developed. The civil and mechanical engineer is in­
dispensable, and although the last century witnessed great 
advances not only in the theories of the scientist and the applica­
tion of those theories by the engineer, much greater advance will 
take place in their application to the needs of this land in the near 
futw·e, and with every respect to the en.gineering staff in the Pub­
lic Service of the Commonwealth, I sometimes think that much 
good would result if occasionally, at least, the design and execu­
tion of certain public works of imi ortance were thrown open to 
the engineering profession of Australia. 

Our younger members should remember that their sphere is 
ever becoming wider, and with the increasing settlement, develop­
ment and wealth of the State wlll continue to expand. If they 
are well equipped when the call comes, they will tind ample room 
for their abilities. 



THE PLACE OF GEOLOGY I 'l'HE TRAINING OF A 
E C..:TNEER. 

BY PnoF. ' Vooo;onm 

l nm::: t di claim any intention to-night of com in g here to instruct 
uch a bodY a this. I come here to receive in strud ion, a ll d I 

trn l that y~u will bear thi in mind and criticise my statements this 
enming a ft·eeJ,,· as you can, in order that I may learn how to 
treat my engineering students in future in the matter of geology. 

Th bulk of the students with whom I have to deal in the 
fir l year belong to this profession, and I am extreme]~· anxiou 
to mak e the ubj et, of geology useful to them, if it can be mad e 
useful : and if geology cannot be made us ful to engineering stu­
dent , I should like to hear the reason why it is held to be of no 
value, and then I shall be equally glad to see it cut out and more 
useful sub jects put in its place. I th ink, however, I may be able 
to sho\ ;, from my side at a ll event·, t hat I consider a training in 
geolog_,· to be of v ry con iderable value to the student engineer . 
The br adth of the scope of geology. and the number of specialisa­
tions in engineering, make two very broad subjects, and it is natural 
that they should over-lap at . everal points. 

Th re can be no question at all, l think, of the immense impor­
tance of the knowledge of the scientific aspects of geology to a min­
ing engineer, and I do not intend in any way to stress the necess­
sity whic·h there is for a mining ngineer to have an ample train­
ing in geology. 

It ma,y be rather difficult to se that the specialised life of an 
electrical engine r comes into contact in any way with the subj ect 
of geology, bu , in so far as the electrical engin eer requires a 
broad ba, i of civil engineering training upon which to found his 
more specialised work, I think the electrical engin eer comes into 
the ame category as the civil engineer; and it is, therefore, more 
with the civil engineer that I intend to deal to-night, rather than 
with specialised branches of the profession. 

We may divid the advantages of geology into two classes: (1; 
'Ihe pecific application to every-day practice. (2) The general 
cultural effect of the study of the subject. 

Under the specific applications to engineering, it is only neces­
sary to mention a few to convince you, I think, that geology has a 
very direct and practical bearing upon many of the branches of 
civil engineering. Under material geology we may mention the 
subjects of coal, building stones, road metal, sand and cement 
materials, clay and bricks, petroleum and natural gas, metals and 
water. Under structural geology we may mention the effects of 
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geological structure upon foundations for buildings, railways, dock , 
etc. U nder dynamical geology comes the work of the atmo . here, 
of rain and rivers, in erosion of the land surface, and the probl ms 
of sand drift, both marine and sub-aerial. 

Under the physiographic side of geology we have to deal wiLh 
the scientific o1·igin of topographic features, the distribution and 
origin of mountains and valleys, t he latter particularly in connec­
tion with the location of railways and roads, and iu connection with 
irrigation and water supply, harbours and coast fights, all of which 
features are very important for the civil engineer. The circula­
tion of the atmosphere and the circulation of land water , the 
effect. of topography on rainfall, running-off of the water, erosion, 
silting up of dam , weirs, th a lt probl m in water . upply and 
Yery many others of this character are eq ua ll.v Yital. Doubtle the 
list may be wollen very considerably from your own experience of 
the point of contact between the natural phenomena of the earth', 
surface and your own particular profer ~ion. 

The results of lack of geologica.l knowledge on the parL 01 

ngineers have been responsible in the past for very many costly 
failures and in not a few instan ·cs for set ious lo s of life and pro­
perLy. 1 ma.y perhap mention on or two examples of inslances 
of lack of knowledge of geological tructure on the part of en­
gineer. leading to quite serious r sulL . Many of you are familiar 
with the railway line up MoLmt Lofty from Adelaide. The rail ­
way line from Blaekwood runs on the right hand ide of a rather 
sLeep spur. It would, I think, have been equally easy to have 
carried that line on the other 1de of the spur. The Mt. Lofty 
ranges ar built up of a series of very ancient edimentary depo its 
which dip steeply towards the right-hand side of the spur. The re­
sult has been that on numerou occasions that line has slippt:u 
seriously, eau ing delays to traffi · and necessitating costly repa.irs. 
Had the line been taken up the other side of the spur, the rocks, 
instead of being in a position of unstable equilibrium, ready to be 
shaken down by the vibration and weight of passina trains, would 
have been in such a position as Lo haYe locked them Ives more 
securely than ever under the sLr s es. Another example from rail­
way engine ring was one I had an opportunity of seeing not very 
long before I came to We. tern Australia. It is on the new K orth 
Coast Railway in ~ew South \Vale . And there again the railway 
has been built on the side of a ridge towards which the rocks dip, 
causing a position of unstable equilibl'ium. In this ea e no acci­
dents have occuned since the opening of the line, but during the 
construction of the line a very serious land-. lip took place and de­
layed the construction for a long period of time. These are only two 
instan ces. In this latter case there are several other factors whi h 
nter into the subject, all of which might have been allowed for 

had the fundamental principles of geological structure been taken 
into consideration fully when tne railway was being constructed. 
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If i t be admitted (I am quit prepared for you at the clos of 
what I ha,·e to say to controv rt th idea that it ·hould b ad 
mi tted at all), if it b admitted that it i advisable for an engineer 
to know something of the numerou. applications of geology in b, 
profes ion, it mu t equally, I think, b e allowed that it i es entia! 
for him to undertake a carefully-pr pared and consecutiv course 
in the subj ect. The direct applications of geology to engin eering 
do not by any means confine themseh·es to the more el meutary 
first principle of the scienc . On th contrary, many of them 
invol1·e quite a on iderabl e knowledge of iLs more advanc cl 
branches. To know simply the r esults without knowing the r eason 
is lik e attempting to run before one can walk, or like attempting to 
design a Forth bridge before on has lea rn ed the Yery element 
of mechanical drawing. In orde r that a due nppreciation of the ul 
timate application may be obta in ed, I th ink it i e entia! that 
the tuden t should proceed by logically ar ra.nged t p from Lhe 
first cause Lo t he effect, otherwise h i b und to get fa! e per -
peetive in the subj ect. I ha1·e been cri t icised seYer ly for teac·lt 
ing Cl',\' talography to the engme rin g students, but cry. taJograph,1· 
is just as es entia! to a kn owledge of mat ri a l g o log~· a is the 
study of descriptive geometry or appli d mechanics to engin cring 
drawin g and des ign. The whole . tudy of minerals r e ts on a ba i 
of CJ'.}'sLalography, and a tudy of rocks (petrology) t·est upon 
mineralogy, and a ll the ramifications of structural and dynamic geo­
logy re t up n petrolog,1·, o that if we are Lo learn Lh cl tai ls o[ 
structu ra l and d,,·namic geology which come most dose!~ within the 
pt·o,·ince of t h engineer, I belie1· it i. quite cs entia] to . tart 
from the beginning and to learn the A.B.C., which in this t·asc 
consists of a knowledge of the form of cry tal in order that a11 
adequate conception of t he ultimat aim of the subject may b ob­
tained. To b ecome highly profic·ient in the wide rang of geologi· 
cal subj cts embraced in the li st I have given, means that a llHl'l 

must be a professional geologist. Pl a e note I mak a qualifica 
tion here-to b ecome highly proficient in these 1·arious branches. 
A leading scientific educationali . t in America, Professor H. , . 
William esti mates that a geologist need from 4 to 5 years of 
continuous training after he ha Jeam ed how to tudy. that i after 
his first year at the niversity for we regard students in the first 
year a b ing only in the position of learning how to ttidy. Thi~. 
of course, i absolut ly out of t h question for the engineer. IT t' 
do s not cxp t to b ecom e a profc ional geologi t. It i obviou -
ly not essentia l for him to b e a geologist of uch . kill and ex­
perience as to b e able to investigate all the intricate geological 
problem that come in his way in th course of his practice. I t 
is quite sufficient that h e should know enough about the subject 
to realise when he is face to fac with such problems, and when it 
is d sirable or essential for him to call in th aid of the profes· 
sional geologist. Further, he should b e able from his training 
to follow intelligently the methods which are used by his con-
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fr e re , and to rea lise fully the actual ignifi cance of the results 
obtained. I kn ow of several in tance where th report of 
specialists was obtained at considerable expen e, but, owing 
to the la ·k of training on the part of the engineer, the advice given 
was misunderstood , and therefore the whole of the expense in­
volved in obtaining the service of the professional geologi t was 
really thrown away. The re. ult wa failure, and the blame fell, 
not on the engin eer, but on the geo logi t, a the engineer imply 
got out of the trouble by saying that he had taken the advice of 
the geologi t. As I have said before t he advice wa misunder­
stood and the results were mi -applied. I think, in ju tice to my 
own profes ion, it is fair that this should be recogni ed to ome 
extent at all events, and Lhat the possibility of such a result should 
b e realised. Pos ibly it has never happened in \Yestern Austra­
lia , but what I speak of has happened in other part of the 
world. The West ern Auc;tralian engineers would, no doubt, n 
blame the geologist tmder lik e circum tances. 

M.r own personal opinion is that every engin eer should take the 
full introducto ry course of geology in connection with the Uni\ er­
sity work, and in that way obtain a broad general out look on the 
subject, sufficient for him to build up later a more pecialisetl 
knowledge in any required direction. I think, however, that civil 
engineers should go furth er, and take, perhap , one te rm 's work 
in their second yea r, and in that term attend a cour e of carefully 
arranged lectures, wit h practical work specia !l~- uited for their 
r equirements. J\Iining engineer mu t, I thin k, have a very full 
course of work on economic geology aud upon ore deposit , and I 
against it. Once a student has passed th rough a training in minera­
think that that comse cannot be given in le s than about four 
terms, that is, in our University arrangement, a year and a t hird 
after the completion of their preliminar~- cour e m general 
geol gy. 

Iu the second 1lace we must consider the place of geology as 
an instrument of general mental cul ture. The bulk of the train 
ing of the engineer make for mathematical exactne . Now I 
am SJ aking, please, about a ubj ect of which I know nothing 
at all, and therefore I speak with all the conviction of ignoranc• 
You will, please, at the close of what I have to say, correct me in 
any place where I have made a serious error, but I think from what 
I have seen of the engineering courses that the bulk of the train­
ing of the engineer makes for mathematical exactness, with the 
almost inevitable concomitant of a restriction of view. In his 
elementary training, mathematics, physics, and chemistry neces­
sarily form the backbon e of all his studies. In their elementa' · 
stages at all events (I do not mean to refer in this respect to ad­
vanced physics and chemistry), in the elementary stages of physics 
and chemistry and mathematics, the students work out carefully 
planned experim~nts in which cause follows effect with the same 
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certainty that night follows days. H e knows before he starts an 
experiment what the r esult of the experiment is going to be, and 
his entir aim is to carry out the lJroces. es of the ex1 eriment "iith 
such exact care and such rig id application to detail, that the 
highest po sible d gree of accuracy shall be obtained in the re­
sults. Studious exactn ess in every point of detail is what b ecomes 
impressed in his mind. The great aim of physics is to isolate the 
fore ·s of N a.tm·e and to study their effect separately from one 
another. The object of chemistry is to isolate sub tances and to 
obtain them as pure as possible, and in this pure ta.te to study 
their properties. It is this idea of isolation and narrowing down 
which possesse the mind of t he student in hi s early stages, and, 
unless it is counterbalanced in some way, it tends to narrow his 
personality, both as an engineer and a a cit izen-a very un­
desirable effect from eith er point of view. There are very many 
studies which tend to n eutralise thi narrowing tendency-art, 
literat ure, music, history, and so on. Most students, however, 
have not sufficient abi li ty or quickness of mind to permit them 
to stray very far into these d electable paths. I t is on ly the man 
of exceptiona l brilliance who can afford the time or th e mental 
en rgy necessary to make an excursion into th ese branches of 
knowledge, so far r emoved from his specia l ;,tudy. Geology, I 
think, supplies the need for a broa d en ing principle to a cert;ain 
extent, and, at the same t ime, it .is suffi c ient ly close ly in touch 
with th e probl ems of the eve ry-day life of the engin er to b 
fairly r eckon ed wi thin the sphere of hi n eces ary knowledge. I 
do not wish to infer, by phtcing geo log,v as a sor t of antithesi. to 
physics and chemistry, t hat it lacks ntirely what they po se s 
in the matter of exactness. A good many people criticise geology 
and state that it is a scien ·e of in exactne , but in v r~· many of its 
aspects geology is every bit as exact as the most exact branches 
of physics and chemistry. Certain ly th r e <H numerous unex­
plored paths in geology which are very hazily defined indeed, and 
when one gets into these the lack of exactness i very eriously 
felt, but it is the aim of the geological investigator a lways to 
arrive ultimat ly at en exactn e s of as high degree as is possible 
in the na.ture of the subject. There are very few of the branch 
of geology, however, in which a . tudC"nt cannot catch glimpses, at 
every step, of vistas of fascinating speculation leading away t< 
the V'3ry infinitudes of time aml of spa e. Th great expanse of 
thought is a very good strolling ground for t.he student during 
his hours of r ela xation, and th air of su h a country is sure ly 
stimulating, and is a wholesome change from that of strains a nd 
stresses, differ entials, integrals and logarithm s. Geology, as dis­
tinct from mineralogy and petrology, has the advantage of b emg 
et::sentially an observational science. In min eralogy and petrology 
the science has reached exactness, and m ea urement is the object 
of the investigation. In this r espect it does not differ es entiall~' 
from either chemistry or physics , in fact, mineralogy 1s very 
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largely chemi try applied in a very highly specialised manner. 
Petrology is v ry largely a question of phy ical optics, and in 
these branches the student has all the training, that he gets ither 
in the chemical laboratory or in the physical laboratory . In field 
geology, however, the observational character of the science is 
present to a much higher degree than in physics, chemi try and 
enginee ring. "The training of the eye to take in quickly a.nd 
·ompr·ehensively all of the essential points of a complex and often 

ob. cure phenomenon, and the training of the mind to obsen•t 
accurately, to record correctly, to compare, group and infer ju th 
and to expre s cogently the r sult of the e menta function ," 
as Williams puts it, a.r developed in a Yery high degree in the 
study of geology in the field. Another adYantage i that many of 
the phenomen:1 are simple and grand, and the~· are concrete in 
character, not abstract a are many of the fine t conception in the 
other sciences, and in the concretenes of geology lies one of its 
v ry great advantages for elementary tudents, who, in the rest of 
their work, are surrounded by those abstractions. 

Th universality of th application of geology cannot he quos · 
tione 1., and as a comnanion to trav I it value cannot be over­
estimated. A good gr~tmding in t he e lements of the science not 
only keeps a man's ye open and keeps hi. ra onina power . alert, 
but, wherever h e is travelling, under any condition , whether in 
company or alone, he has with him a constant companionship or 
Nature. I can . peak with some experience with r gard to this. 
in tnwelling quite alone in many parts of Australia; I ha Ye found 
that the knowledge of geolosy, and particularly of 1 bysiograph~· , 
ha been as good as a companion with me all the time, and I think 
an' msn who ha studied even the elements of the ubiect can­
not fail t0 feel thi companionship of K aLt~rc as be is t-ravelling 
abont the ountry. The feeling of companion hip make him 
enjo~· the beautie . of I ature Jnore, and I think he feel · the di · 
comforts le , than does th man who i. obJi,iou to the forces at 
work under his eyes, and utterly forgetful of the greater and 
quieter forces which have been working through all the ages to pro­
duce the environment in which h finds himself. The study of 
physiography is even better than geology from thi point of view. 
The lines are broad and the colours are striking, and, as the great 
developer of physiography, Professor W. M. DaYi of Harvard, 
say , "He who runs may r ad, in this science." This fact tends 
towards lack of thoroughness and exactitude, a tendency very 
marked in a good deal of tha work of phy iographers, and a ten­
dency which requires careful counteracting, and to which the study 
of mathematics and physics is a whole ome antidote. The various 
sciences, geology on the one hand and chemi try and physics on 
the other are, I think, complementary to one another in the train­
ing of the mind. Geology by itself would haYe too much ten­
dency to broadening and too little training in exactness, while 
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chemistry and physics on t he other hand, taken a lone, have, 1 
think, rather a tendency to limit a man 's int rests. 

Physiography is of immense value to the topographer, ex­
plainin g the rea.sons for the various fea.tures h e is mapping; and, 
surely, in t his way it mak es both fo r completene~>s and for accuracy 
in his work. His map b ecomes a livin g, vital, thing, and a thing 
of progress and d evelopment, and not simply a dead mas of hill 
and valleys. There can be no doubt, in my mind, too, a to the 
i=en e value of geological map reading. It i of much mo1·e 
value as a mental training than ordinary topographical map r ead­
ing. ~rhe preparation of geological . e(;tions from the surface maps 
develops the sense of the third dimension, and, as a teacher in thi 
. ubjecl, I have been astonished to .find that probably not more than 
about 2% of peopl live, natma lly, in a world of three climen ions. 
The vast major ity of peopl r ason, to all intents and purpo es. in 
t.wo dimensions. Even quite brillia.nt students fail, for a. long time, 
to grasp the idea. of d epth coll\·eyed by the data given upon a 
geological map. I do not know what the origin of this tend n ·y 
is; I suppose it is that we trave l laterally distance which are enor­
mously great as compared with the altitudes we <:a le. Thi is a 
I sychological point, and I would lik e to hear omebody who has 
studied the psy ·h logical side of the question giYe a thorough ex­
planr.tion of it. 'vVe think nothing at a ll of .t journey from h re 
to Kalgoorli e, 300 mil e., while if a man climbs a hill 300 feet higJ1 
he th inks he has don e qu ite enough before breakfast : a11d I think 
the same principle is carried into all our dealings, and the cliff r­
ences in altitud e do not strik u as clearly as do the horiz nLal 
exf;ent of various pheuomena. 

\Vith r gard to phy. ion-raph,v, it has one oTeat ad,·antage in 
t ea chino-, and that is that one requires no apparatus and no 
lab oratory . In the .first year of w rk at the l'niver ily her , when 
neither laborato ries nor apparatu. w r e available, and wh n we 
had t.o start lectur .· somehow, by hook or by crook, I adopted 
the method of giving the phys iography course at th very ou t -et, 
a nd I think thi. was not without it advantage . The result wa 
cons icle 1·a.ble interest on th e part of qui te a large proporti n of the 
stud ents, and they got a v ry fair g ri p of the a pec s of l)hysio­
graphy. w ·e had an excursion after th o fir . t term, and I wa ex­
tremely pleased to find th way in which the tudents had picked 
up rh essential poin ts of Da,;is' new scien ce of ph,,·siography. 
W e were not able in that vear to o-o on to a detai l cl t udv of 
geology, and the physiography cour.~ filled the gap in the c~rri­
quire for their pro ecution laboratory and o tly apparatu . ome 
may . ay tbat geo logy d €'S equally, but I thin k that the ba lance of 
co t and elaborate n s will be rath er in favour of geology than 
culum as fa r as we were abl P to fill it. Phy ics and chemi try r e­
qui re fo r th ir pro ecu t i n laboratory and cost]~- apparatu.. ome 
may• ay that o-eology does qually , butT t hink thal the balance of 
cost and elabo ra t en s will b e mth er in favou r of g logy than 
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against it. Once a student has passed through a training in minera­
logy and petrology and has entered the domain of geology proper, 
the whole world is his laboratory, and he can carry his apparatus 
in his pocket; so that the prosecution of the study is not a costly 
one, and it is pre-eminently a subject of which a man can make a 
hobby, and in which he may go far with very little expense to 
himself. 

I do not wish to claim that geology is the only science that has 
psychological advant.ages. Zoology and Botany pos ess them Lo 
an equal extent, but it is somewhat doubtful, I think, whether they 
touch the every-day work of the engineer on quite so many points 
as is done by geology, hence there is, I think, a preponderance of 
advantage in fa1our of the latter in the training of an engineer. 

One mora Pd ucational advanta.ge of geology lies in the fact that, 
in it, the student finds many direct applications of the facts and 
laws he has been learning in chemistry and phy ics. This re-acts 
on his interest in those subjects which everybody regards as ab­
solutely essential to the training of the engineer. It aitords him 
good food for thought outside the routine of lectures and laboratory 
work in those other more essential subjects. 

Quite a different sort of advantage may be claimed for geology 
as a subject during a student's University work in engineering. 
Most of his work tqnds to keep him indoors, and the geological ex­
cursion is a healthy antidote. This may not be so important a fac­
tor in a country like t.his, where we have such a lot of fresh air and 
sunshine, and where field sports and compulsory training take a 
man into the air a great deal, but in other cotmtries, where these 
advantages, or disadvantages as you may regard them, a.re not 
present, it is something to be reckoned with. Another advantage, 
perhaps not the least of all, is the training students get in our 
geological campti in the methods of camp life-and you would be 
surprised to find how ignorant many Western Australian boys 
&re, even of the elements of camp life-and last, but not least, in 
the virtues of good temper under hardship, unselfishness and 
good fellowship-qualities which have been very marked indeed in 
the brief, but happy, intercom· e which I have had with students 
of engineering ::~.t the University of Western Australia. 

I am afraid that my knowledge of the subject of engineering 
prevents me from going into very great detail in the subject of the 
advantages th:tt a tudy of geology might be, but perhaps, with 
that as a tex.t, you may be able to advise me whether geolo.,.y 
should be taught and if so, in what direction. I may say that, 
with regard to the training of engineers in geology, I am quite open 
to hints in any direction, and I shall be very very glad if the en­
gineers of Western Australia will help me in this matter to give a 
t raining that is adequate, and at the same time is not excessive, 
for the students who, later on, will join the ranks of the profes­
sional engineer. 



THE PLACE OF GEOLOGY IN THE TRAINI rG OF 
.AN E TGJNEER. 

Drs ussroK. 

Mr. P . V. O' Brien said: I am trongly in favour of Engineers 
studying Geology, as much as ever they can manage to learn o£ 
it. After my experience of the last 20 years of the water 
supply of the interior of the country I quite agree with the course 
outlineu. by Professor W oolnough for students. I do not think 
an Engineer can get a long satisfactorily without a very fair and 
broad knowledge of Geology. He can get advice, as the Pro­
fessor says, on any critical questions such as the foundations of 
a very big work, but a man away out in the interior boring for 
or conserving water has to make up hi. mind very often on the 
ground what he is going to do. A good mining engineer must 
therefore be a good geclogist. 

Professor WhitfelcL said : I c rtainly am strongly in favour 
of the view that every Engineer should lmve some knowledge of 
Geology. There must be an immense number of valuable deposits 
and much valuable data to be collected in nearly one million 
square miles if the people only had a knowledge of the roughest 
principles of Geology, so that I think it is doubly ess~:;ntial for 
the young Engineers of this country, both as Engineers and Citi­
zens of the State, who are likely to travel about the country, 
that they should, know when they are meeting some geological 
phenomena. Th ey ought to be able to recognise if it is ome­
thing worth determining. Exact knowledge of a subject like 
mineralogy requires an immense amount of study. There i 
another aspect, and that is the educational- the general widening 
effect of Geology. Both Professor WoolnougG and myself were 
students of Professor David (Sydney University). I do not think 
anyone who has been und.er a man of that sort could fa.il to be 
tremendously influenced by him. Th ere wa the sense of fellow­
ship and the sense of striving for knowledge, for the advancement 
of the nation or the human race, or whatever you like to call it . 
Everyone knew that Professor David had by far the best know­
ledge, l suppose, of any on ,, of the coal measures of New South 
Wales. I know on on excursion we were looking for the out­
crop of the \'Vallsend seam . When Professor David found it, it 
was simply a little brown str eak on the sid.e of a stream, but 
it was the outcrop of a 20 or 30 foot coal seam. We were all 
enthusiastic, and he persuaded us to sink a shaft on the bank of 
this creek to prove really that this was the Wallsend seam. 'We 
volunteered to sink the shaft (Professor Woolnough was one of 
the party). The water came in and we had no appliance and 
we had to sink this wretched shaft I think about 30 feet or so­
a most wonderful -looking shaft. Three or four of u started. it, 
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and we were all very long in the leg and we had the steps going 
down the shaft about six feet apart. But anyhow we managed 
to get through this seam, about 4 or 5 feet of coal, at the end 
of a week. But a thing like that, as I ·ay, has an influence 
on you . : We were all working really for the loYe of knowledge 
and science. There is no doubt Professor DaYid could have 
turned his knowledge to great monetary advantage, but he did 
not dream of doing such a thing. He was simply working for 
the enthusiasm and love of the subject. And. that is certainly 
a widening subject in that way. 'We had other excursions nn 
the sandstone ranges, and they all created a ort of fellowship 
and had a broadening effect, I think, on the characters of the 
students that were there, and in that way I think it is a very 
valuable subject. As regard the more particular aspect of it 
in \Vestern Au tralia, we have problems like the water supply 
which are very intricate an d very important, and I think, as mo t 
of our Civil Engineers have something to do with water supply 
and railways, and the railways depend to a Yery large extent 
on water supply, they should haYe a knowledge of Geology for 
that reason. In any case it is clecided.!y important that we 
should all study this subject, and I think Profe or Woolnough 
with his enthusiasm is likely to do a great deal of good to the 
you ng Engineers of this State. 

l\ln. LIGHT : Professor vVoolnough to-night has is ued a chal­
lenge to the members of this Institution, and J do not think 
there is any man here in thi. rocm that will take up the chal­
lenae and, try to prove to the Profe sor that Geology an be 
separated from Engineering, Civil Engineering in particular. To 
Railway Civil Engineering Geology is very cl sely allied, and T 
should not like to argue with the Professor that it was not. The 
Pro£ ssor, in his preliminary remarks, referred to two items, one 
was the location of the railway through the ::\Iount Lofty ranges 
in South Australia and the location of the 'orth Coast Railway 
in I ew South Wales, and 1 hoped he would also mention one 
only 15 miles from P erth . He has probably seen it him elf. It 
is situated between Darlington and Smith's :\1ill, on what was 
originally the old main line. J expe CJ t he ha been up that lin e, 
and probably seen it. If he has not seen it I shall be very 
pleased to take him up any day and show it to him. 

Mn. HrLLMAN: I think this Institution hould be very grateful 
to Professor Woolnough for what he ha given us. I wa pleased 
to see that Professor Woolnough diYided hi subject, in so far 
as training is concerned, into two parts, the general culture 
which Geology brings to u and the specific applications of it, and 
more, that he only really prewmed to teach the student how to 
learn after he had commenced hi s praetice. I wa particularly 
interested in the subject of the three dimm ion which the Pro­
fe SOJ' said Geology taught. I do not think it is quite realised 
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how difficult it i to live in three dimensions, and the dear wa,y 
in which the Professor put that rather appealed to me, as I have 
had an exp rience of the same sort, in this way, though my 
experience led to transition from one dimension to two rather 
than two to three. I commenced a certain work with a foreman 
who had been use! to living in one dimen ion, laying stormwater 
drains or sewers, and had so fa.r, I founcJ., been liYing a lineal 
life from the point of view of superYision, and the work he had 
to take horn me was No. 2- the building of a resen·oir-and he 
was completely fogged; he was still only able to see one climen-
ion, and he was not able to look after things in the area at all. 
That is n 1t a far-fetched exampl e, anc]. I think it i one that 

applies in !.h e ame way that the Prof ssor's remark regarding 
three dimen sions do. 

iVln. 0LJJHAM : I do not ri e with <>ny idea at all of accepting 
the Professor's challenge. I wish, for my part, to thank him for 
the able way in which he hancllecl the ubj ect. It seems to me 
that ther is not the slighte t doubt regarding the n cc sity for 
a very good knowledge of Geolo y for any Engineer in a tate 
lik thi . On the other hand, I think that the r niYersity tu­
dents can consider themselves \'ery fortunate that they haYe uch 
a Profe sor to teach th m, and 1 hat they han an xt nsive 
literature dealing with the geology of Australia. I Lhink they 
arc JiYing in very fortunate tim s inciRed. As the Professor 
8ays, it i not a questi n of an EnO'ineer becoming a high-cla 
Geologist, but it is a matter of 1 is knowing eno uO'h of Geology 
to be able Lo decide "hether h can fix thing up for himself or 
wheth r it. ;s bett r for him to get expert ad,·ice. The relation­
ship between the two . cience was impres ed upon me some f w 
monLh ago when 1 had th f rtune to ,·isit the interior of 
Qu en. laml in the compa y of t-everal minent Geologists and 
Engineers, in connection with artesian water in the g'·ea1 artesian 
basin. lt 11as a most inlPref;ting trip, and I may .. ay that a 
great deal of the geological cli cu sion wa lost Oll me on account 

f my ,·ery &light knowlc lg f the ~ci nee, but it wa mo~t 

exLr lllei,V interesting. 1 may say that one of the Geologist . 
wheren)r we sl.opped., and we trav lJ cl fa st and far, nobbl cl any 
local res iden t on the subj ect of particular las es of tones, native 
" eapnn , c,r an,,· particular local geological feature, and :pecimen 
of all sort. Before we had tmvelled man~· miles in the motors we 
wc re Lo some extent lumb ered up with thes sp cimen . H w­

e,·er, there is no doubt that there is a Yery great deal in what 
the Professor has also said r garcling the expan ion of one's mind 
through the study of Geology. I a! o listen ed with great intere t 
to the rema,rks mad.e by the Prof sR r oncerning the three dimen­
si u . That opens up a " ry large fteld of thought. The h pe 
0('('111Tcd in my mind at lhe Lime that Ll,e Professor, at any rate, 
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would be left with us a long time to pursue his wanderings in the 
horizontal before, in the ordinary step of nat ure, he was com­
pelled to take t hem in the vertical. 

lVIn.. LAwsox: I do not know that anyone present t·o-night 
wishes to accept t he Professo"r 's challenge. For myself, I think 
he might have gone a littl e more into the detail of what he con­
sidered essential for the Engineer to know. Those who have hacL 
anything to do with Hydraulic Engineering must admit that, as 
far as hydraulic work is concerned, Geology plays a very im­
portant part. The paper to-night goes to show how wide and 
extensive the training of an Engineer must of necessity be, and 
one can only fully realise this when one has to deal with problems 
of the ordinary nature. Surface indications do not always, per­
haps, point out to the Engineer what he would like, and it is only 
when be has to solve a problem which t he surface doe not indi­
cate with the exactness that might be wished, that he realises 
how important a part Geology plays in Engineering structures. 
We all know in the construction of a dam, t_he foundation is the 
main !6SSential. We also know how easy it is to save or to spend 
money by a knowledge of t he proper place to establish a quarry 
to get stone that gives the best r esults for the concrete and for 
the plumbstones in the wall. We have also t he problem of find~ 
ing sand, whether it is bett r to crush it from the country rock 
or to obtain it by bringing it from some other ource. For all 
these things an Engineer is greatly assist::d by a knowl edge of 
Geology. ~ e have also the detailed kn owledge of Geology which 
should enter very largely into our road construction. ·w e cannot, 
and I do not think anyone will wish to, limit the amount of 
Geology that an Engin eer may learn during his course at the 
University or anywhere else. In regard to th e calling in of the 
specialist, this is also a matter that r equires a great deal of con­
sideration. Sometimes, as 1\{r. O'Brien has pointed out, you 
have no opportunity of calling in a speciali st, but many times it 
would be desirable to call in a speciali -t to give information and 
advice that woul d. be useful , not only for the individual work in 
progre.:;s, but also for future works . We should have at the 
disposal of every Engin eer maps showing the geological features 
throughout the whole of the State, so that he may be able to 
see at a glance what class of country, what material is at his 
disposal in any given district, and if this were done, and clone 
thoroughly, and a map of t his nature pr pared-, it would be of 
untold value to the State for all time, and it could not be better 
undertaken than at the pres nt time, "-'hen, for many purpose , 
the Engineering works of this State can only be considered a·s 
being in their infancy. In saying this I do not overlook what has 
been clone for the mining industry by our Geological staff. \Ve 
are very much ind.ebted to Professor Woolnough for his paper 
t.o-night. 
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.Mn. Hrc({SON : It has been very intaresting to listen to the 
Professor's address on this very large subject. I do not think 
there can be any doubt that Geology is of the utmost importance 
to the E ngineer, and I think every day of our lives we are missing 
some points that, with a little knowledge, would save a very 
considerable amount of time and money to the State. The prin­
cipal thing I had. in my mind was in the construction of dam 
banks. We cut a trench and construct a dam at the end of a 
gully, but we very often assume a great deal as to the holding 
capacity of that dam . I certainly think that there are ma11y 
cases where a Geologist would be of the greatest service to us to 
look over all these sites. One of the biggest difficulties we have 
in this State i the presen e of salt, and there again I do not 
doubt geological knowledge would very gr atly assist us. 

Mn. EvaNS : It seemed to me when the P rofessor was opening 
his paper that he addressed us in a somewhat apologetic mode. 
N' ow I do not know that there is any apology needed or any 
reasons wanted to show us that Geology is an absolute necessity. 
Speaking as a mechanical engineer I must admit that he does 
not come very closely to myself, but still I, with the others who 
have spoken, am satisfied t hat it is an essential feature, and I 
particu larly rose lo tell the P rofessor that, from the student's 
point of view (I am not speaking for myself, but still I can speak 
on the point), his lectures, an d esp ecially t hose excursions t o 
which he has ma,de r eference, have been of very great value and 
assistance to hi students, and t he amount of enth11~iasm t ha t 1 
know in two or three cases they have brought to bear, shows t hat 
they at least appreciate t heir Professor and. also reali e t hat he 
is howing and teaching them something that will be of very great 
benefit t o th em. 

Mn. El)MISTON : I must say th at t he Professor, in his opening 
remarks, di spelled from my min d perhaps t he last do ubt I ever 
enter tained as to the value of Geology to the Engineer. I can 
hardly realise how an E ngineer could carry ou t certain classes of 
works, such as large water works, weir construction, r ailway 
building, and tunnelling, and. so on, without som e knowledge of 
Geology. I was very inte rested, however , in the ot.her aspect of 
Lh e subj ect wh ich the Professor put before us, viz., t hat embel­
li hi ng quality which a knowledge of such a science as Geology 
must have. I think t hat most Engineer s will ad mit that th e 
ba re knowledge of purely Engineering it"'elf does not add a very 
r legant or emb elli shing quali ty to us, and certainly I t hink t hat 
the subj ect of Geology, together wit h some of th0 other sciences, 
-does add a q uali ty to a man which is very fr equent ly on the sur· 
face a nd which is ve ry charming, and I am sorry to say that 
Engin e1·ing does not seem to me to lend th}t t quality to us. I 
was interested al o in the Professor 's rern arks wi t h regard to a 
third dim ension. It just occ urred to my mind that wi th all our 
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knowled.ge we live very much on the Ul'face, even on the surface 
of the things that you know. I am very grateful to the Professor 
for his very able paper. 

Mn. K ERSLA.KE: I certainly t hink that the Professor' method­
Physiography first-is best . I studied. in England . Physiography 
there is a very ea sy part of Geology to learn. You have all your 
sedimentary beds from the latest to the oldest, and most of my 
training was Physiography, and r ecently I had brought under my 
notice an instance where Geological knowledo-e to an Engineer 
was of immense valu e. There was a high cliff which was always 
subject to land slips. R evetment works and. retaining wall had 
been tried, but proved too expensive. A good Engineer was 
employed, who was also a Geologist. H e found that the clif"f 
was r eally quicksands, a ltern at ing with clay beds, which caused 
the whole cliff to slide. He drove a tunnel into the cliff, and, 
crosscutting the end, dr ained the cliff. Since then there haYe 
been no more slips . 

.M.n. HAY~Es : Before the Professo r makes his reply I hculcl 
like to say a word or two. l feel quite nre that if any of us had 
any do ubt at all about the necessity for the study of G eolcgy by 
Engineers in their oursc of training, the Professor has succe s­
fully removed that doubt. ft makes one a lmost wish they had 
been born many year. later in life than .·ome of us have. I rlo 
no t rememb r that 1 had very much instru ction in Geology in my 
more youthf ul days. I certainly did haYe told me at least that 
in all cuttings we were to be careful to make the side slope 
against the lay of the strata rather than the other way, and we 
were told t hat if we could we mu st make provision again st slip . 
There was no r eason given- simply the statement of the fact . 
We were also instructed , of cour se, that all stones in maEcmy 
should be laid upon their natnral bed, because if we did not they 
would shale off under the weight, but how we \\·ere to di cCYer 
t he natural b d did not transpi r e at :1ll . It was generally left 
to the stone worker- the mason. Now that is one po:nt t l:at T 
was going to say I should like to hear the Professor on, thcugh 
I r ealise that the subj ect is so big he would have t u give us quite 
another lecture, and he enter ed upon this one with uch marked 
enthusiasm that I a m rather tempted to think h t may do t hat . 
It is easy enough to know the bed. of a sedimentary rock, but 
when you come to a block of diorite, for example, it is not quite 
as easy to the untrain ed . Without doubt there is a v ry clo e 
associar.ion, close relation, between the Geologist and the En­
gineer, and the Profes. or was poin t ing out, very properly I sup­
pose, from his point of view the imm ense importance oE Geology 
to the Enginee r , and he ma::l e what we might call a sa£ guarding 
excuse by saying he did not know very much about Engineerin~ . 
I venture to say that if he had. he would haYe r memhered that 
Geology owes a very great deal to the Enginee~ -a, very greaG 
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deal. The Engineer, in the course of his works, ha excavated 
deep cuttings, etc., which have disclosed the formation of strata 
of the ground, and in many such ways, __ not to speak about the 
mining industry. The Professor asked whether it should be 
taught, and, if so, in what direction? I feel quite sure tha.t every 
Engineer will readily admit that it ought to be •aught. Our 
supreme regret is that that fact was not discovered in our more 
youthful days. In what direction should it be taught 7 Well, I 
hardly know enough about it to venture to say, but I will tell you 
what we want to know ; what the Engineer wants to know is 
>:omething about foundations. H e want~ to know their carrying 
capacity; h e wants to know something about the mon:>ment of 
water through sand; what is known as the cone of depression in 
a pump well; permeability and the disintegration of various types 
of rocks and similar or kind1·ed. substances; he wants to know, 
too, something about quarrying and uch other things . Indeed, 
there is no doubt about it that an Engineer wants to know, he 
needs to know, the structure of the earth upon which he i about 
to put the foundation for, ay, a r e ervoir, the reservoir \Y all , the 
bridge pi er, and I ventme almost to b elien it might be nseful 
in th e case of d,o ks, too, because we know quite well thaL the 
success or fai lure of r.1any Engineering-in fact all Engineering 
works- depends very much upon th ir foundation. Sometimes 
enormous expense is gone to in the matter of putting foundations 
down in order, as the builder says, that he may el'l' on the safe 
side. There is one intance which cam un der my notice, and it 
was this : It happened, in this town, in co1:;,nection with the cele· 
brated refuse destructor a little way from here. The Counc1l of 
th e day, having determined to build that, called by advertisement 
f0r competitive design s but each ontractor \vas to submit his 
own, and the chimn ey shaft that was to be built was, I think, 
90 feet high , and. one contra ·tor, who was a n Engin er, designed 
the foundation to be, I think, 30ft. square. It was to he (' lose­
piled : the piles were to b e fill ed in with concrete in the usual 
way. HoweYcr, none of these were ace pted , t:tnd the re pon i­
bility happened to be thrown npon me to get over the difficulty. 
The foundation upon which the tack, 120ft. high_, tand . . is ju t 
18ft. square and 5ft. thick of co ncr ete, no pi les or anything of that 
kJnd., and it dilcl not sink more t han i of an inch. It "·as built 
upon purely white sand, which canied water in th e winter iime . 
That is to say, if you excavated now you would probably find 
water wfiJthin 4ft. of th &UJ·face, certainly it would be so in the 
lat ter part of the winter. I do not claim any particular virtue 
for that, but mention in cidentally the amount of xpen. e . . ·ome­
wher e about £800 or £900, which was sav cl, not due to my special 
knowledge of Geology, but to a general knowledge of th is par­
ticular locality. We quite ao-r e that it is e sential that a study 
of th is subj ect should , like all othe1·s, commen e at the ,·ery be­
ginning, but then tho. e who arc old er can no t do that , and 1 quite 
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believe, i£ the information could be made available to us who are 
older, so that we too could use it, I am quite certain that we would 
take a great deal of interest in following it out, for, without doubt, 
there can be nothing more charming, I should say, than a study 
of Geology. Indeed, it was the subtle humour of the Professor 
I liked as much as anything in his lecture when he spoke of it 
as really being a recreation, that is, to the Engineer, after the 
Engineer has had a long course of study which is necessarily 
!'omewhat exact, and, as he suggests, produces some nanowness 
of view, in which, however, I do not agree with him. 1 want to 
say I think the Engineer is a very broad-minded creatme, nothing 
narrow about him. However, it was put as rather a recreation, 
there was that social element in it, and the companion hip . 

.PnoFJ,ssoR ·wooLNOUGR: I am very grateful to you for the way 
in which you have received me. to-night, and I am relieved to find 
that the opinion of the meeting, eith er through charity or through 
conviction, is strongly in favour of a certain amount of geological 
training for Engineers. The question has been raised <LS to the 
amount of that, and my thesis is that, unless yo u ca11 give an 
Engineer enough training in any subject to enable him to go on 
further, you had bE>tt:w leave that snbjecL out a ltogether. Either 
give him enough to be of use or let him spend the time on srnne­
thing else, and that is the one questiou, the one point, on which 
I wanted information from you, whether you thought it was worth 
while spending a fair amount of time, as is necessary in the first 
year, for a complete course of Engineering. U nless that is donP 
I would far prefer to see the subject cut right out altogether. 
The President has mentioned the desirability of knowing about 
foundation , about water moveJ nent, penneabilily of strata, th(~ 
weathering capacities, and so on. T maintain that these art' 
rath r th applications of Geology, and that, in ord r to obtain 
any real knowledge with regard to them, it i necessary to havt-' 
the fir st principles of the subject, and I Yel'Y strongly maintain 
the desirability of teaching an Engineer in his first year (I am 
speaking entirely of the Engineers who pass through the Univers 
ity) not what the direct applications of Geology to his subject. 
are, but teaching him the methods by means of which he can go 
on and make those d.irect applications himself. If a man has a. 
thoroughly sound elementary knowledge of t he v:::.::ious branche:; 
of Geology he i in a posit ion to take up these speciaJi,,:P.d subjects, 
and to take them up from the point of view of the E.nt_·.neer, with 
sufficient geological know ledge to guarantee that he w;il not get 
off the track and make any serious mistake , hom lack of geological 
knowl edge. I do not attempt in the first year com e to teach 
Engineers the application~': of the subject at all. That is a point 
which 1 think a good, many students fail to realise, and a good 
man.v ~tudents are apt to feel that their Geology course is entirely 
wasted because so little direct notice i. taken of these immediate 
~pplications t o Engineer ing practice . But I think I can claim 
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that. I keep this in view all the way through the teaching work 
of the course, and that the students who .have passed through 
that course and done pretty well in it are in a position to make 
these applications themseh ·es. 

The d.ebt of the Geologist to the Engineer I am very glad ta 
do my share towards paying. One cannot but reali se that with­
out the Engineer many of the most important problems of Geology 
would still be awaiting settlement. Artificial excaYations marle 
in variou places have been (,£ the utmost possible value, and in 
places haYe been absolutely indisprn able in the working out of 
the geological structure of th Continent on a broad scale. 

Mr. Oldham mentioned the fact that a 20 years course would 
be necessary to enable :w Engineer to learn a ll he ought to know 
about the various sciences, but that is just the one point on which 
J beg to differ from him. H is not, in my opinion, essential for 
a man in his niversity course to do mort. than learn how to 
learn. When we have turned out a man from the University 
wita1 ,the Hall .J\If ark of t h t niversity on him, we do not by any 
means say that he is fit to take an Engineering position. All we 
say is, to the best of our ability, w have taught him how to learn 
the work that deals with hi s special branch in li fe n,fterwarcls. and 
ii we have done that I think it i. worth two, three, or four ~-cars 
of a yo ung man 's life to haYe picked up these methods of thought 
and. study that are so essential to the . uccessful canying out of 
his life's work afterwards. 

Both Mr. Oldbam and the Chairm an ha,·e referred to traYel­
ling with Geologist . Take my advice and never travel with a 
Geologist. He is more bother than hE' iil worth on an expedition. 
As Mr. Oldham says, ht" has a. lot of fos. il s, and they are a! way. 
so awkward, gen<'rally sharp-E'clgecl, and he generally managE's to 
drop a heavy ha mm er on you r to or something of that kind, 
particularly if you arf• traYelli ng by motor car, bE>cause there iR 
nothing mor aggra,·ating in a motor journey than to be pulled 
up at all so rts of od.d tim s and awkward places, any li tt lE' sand 
patch and steep hill where the Geologist wants to get out. and 

take something which catches his eye. He is a man of roving 
eye. Th e typical Geologist ought to have his eyes working on 
swivels--one working in each direction; and if you ar e in a huny 
he is sure to find on1 ething tha.t will k ep him there for a long 
time. 

As Professor Whit feld has aid, ome of us have had E>xperi­
E'Lce of travelling with Prof ssor David, and although. in his 
Younger days at all e,·ents, it was a Yery difficult matter for any­
body with shorter legs than Profes r Whitfelrl to keep him in 
sight at all, the1·e w re occasions wh en at anything bet"·een 3 and 
4 o'clock in the afternon we had had no thing to eat sin ce 7 
o'clock in th morning. We somrtime. blessed his enthnsia m to 
work out a problem before he got hom . 
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I am extremely g1:ateful to :Yir. Evans for the kind, remarks 
he made with regard to the work amongst the students I must 
say, since I came to Western ustralia, I ha>e had nothing but 
kindness at the hands of my students. I know I am a little bit 
of a crank myself on the subj ect of Geology, and all the way 
through what I have to say you must remember that I am an 
enthusiast and. I am pleading for my own subject, but I hope you 
will agree with some of the main premise at all event . But 
if 1 am enthusiastic I must say that my students have been ex­
tremely good to me in the matter of enthusia m, and they have 
humoured me as far as reasonable under the circumstances. I 
know that on several occasion they have even gone hungry for 
quite a considerable time after they ought to have had their 
lunches, and on more than one occasion when I haYe run them 
short of provisions they have been quite content to live on one 
slice of bread. per meal and no grumbling about it. .1nd on 
nery occasion the students of the University of Western Australia 
have shown themselves thoro ughly men throughout, and I am 
quit~ sure that t he qualities which these men show are not les­
sened by the University Course_, and will be of th'· utmost value 
to them and to the community when they take their place in the 
ranks of the Engineers in this State. 

With regard to Mr. Light's question. I haYe neYer yet been 
out of the train at Smith's :.\1.ill. T hav pa ed o,· r that spot 
t wo or thr e time , and have always recognised. it a an extremely 
intere t ing pot . 'l'he structure which ha deYeloped there is an 
extremely interesting one, and of very high importance to the 
geological history of the State. The ph omenon i not by any 
means confined to the spot between Darlington and Smith' 'fill, 
but is widespread throughont t he Darling .Range area. That 
imm ense mass oE white clay that has d.eY loped on th railway lin e 
there and ha. caused such a bad fo undation for the rai lway line 
r epr . nts an old land surface form ed at a time incalculable. long 
ago when t he surface of ·w estern .\.ustralia . tood for ao-es and 
ages at a height Yery little above sea leYel. It represents a 
most peculiar combina tion of circum tances in tht:. land surface, 
resulting in the dissoh·ing out from the granite the insoluble on-

tituent leaYing only the soluble behind. The~· have formed 
the ubiq uitou · ironston e capp ing of these hill about Perth and 
all through "VV e tern Australia. Th white clay you find almost 
universally ender thi s ironstone repres nt the complete ly leached 
and di. solved portion of th original gra nite m·face . Thi. can 
only haYe taken plac , as I ay, th1·ough the land being of very 
low relief. from in ignificant hill a nd valley being deYeloped and 
tanding at a low altitude, and also , ho"" that the climatic condi­

t ions that exi t at the pre ent time when we haYe a Yery marked­
ly wet winter and dry summ r, must have existed in tho e far 
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distant ages past when the pipe clays like those of Smith's Mill, 
Baker's Hill, etc., were formed and the ironstone cappings were 
formed on top of them. 

I thank you very much, gentlemen. for the kind way in which 
you have received this attempt of mine to justify the teaching of 
Geology, and for the encouraging remarks passed with regard, to 
the subject as a portion of the training for the future Engineers 
of Western Australia 



RAILWAY OPERATIONS. 

BY G. w. STEAD. 

GEN~1RAL.-Railway operations are as complex as they are 
interesting, and, owing to the various conditions which prevail in 
different countries, such as topography, den ity of population, 
nat ure of industries, production, etc., whilst this statement 
applies to passenger as well a.s goods traffic, there are several 
differences. It is generally true to say that the volume of passen­
ger traffic between any two places will balance itself, whereas in 
the transportation of goods, the major portion of the traffic is 
in one direction , and in consequence the return trains mu t mn 
with empties or decreased loads, and this is to a great extent 
more pronounced in this State t hap in any other State in Australia. 
Except during the wheat season ,nearly t he whole of the traffic 
is in the down direction, this being acconnted for by the sparsely 
populated districts through which the railways run being without 
factories or indu stries . 

CoMMON U . .unmms.- Th business of a r ailway is to carry 
both passengers and goods, and as such is what is termed a 
common carrier. There are- two kinds of carrier s und er the law : 
special carriers and common carri ers. The legftl liability of the 
two vary and are different. A special can·ier is, in a sense, an 
occasional carrier, and therefore he may legally carry on whatever 
terms and conditions he chooses to impose upon his customer, 
and to which his customer may choose to agree. If the distinction 
ended here many complications would b e avoided. It happens, 
however, that common carriers convert themselv s for partiC'ular 
goods into special carriers, and it is here where disputes arise 
in respect to liabilities as to whether the carrier in a particular 
transaction was a "special" or "common" carrier. A common 
carrier is indicated by th word "common," and carrier commonly 
for any person, and hence he is a common carrier. It frequently 
happens that there are two alternate rates, known as " O.R." 
and "C.R." The consignor, to obtain advantage of the " owner's 
risk" rates, consigns his goods accordingly, and by o doing 
a.ccepts the risk. If anything should go amiss with the goods 
he prefers a claim, and because it is not paid he generally complains 
of the tyranny of the railways in not paying his claim. forgetting 
that he had the alternative of sending his goods at "company's 
risk." It should be generally understood that when goods are 
carried at "owner's risk" the sender must be prepared to accept 
the risk, as it is only when wilful negligence is prove£1 that a 
claim can succeed when goods are so consigned. 

0RGANISA'l'IONs.-For the conduc;t of the busine s, the staff 
organisation is on the following lines :-General Manager, r espons­
ible for the safe and economical management of the railway, 
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machinery, and all things appertaining thereto; Engineer for 
Permanent Way and Works, responsible for the maintenance of 
ways and works, including buildings, etc. ; the Mechanical 
Engineer, responsible for power and rolling stock; and the 
'l'ransportation Departmen(t, for the bu~ness arrangements, 

neither of which are separate organisations, but are all brought 
together always under one man, and in this respect is similar to 
an army corps division and brigade, each composed. of different 
elements but each under one commander. 

In America, and on some of the lines in England, the officer 
in charge of a district is not only in charge of his own particular 
department, but in charge of the entire undertaking; in other 
words, he is the general manager so far as his own particular 
district is concerned.. He has under him district engineers, 
locomotive inspectors and transportation inspectors, and in this 
way the district superintendent is supported by the experience 
and advice of men who are actually canying out the operations, 
and the officers themselves obtain some acquaintance with 
each other's business. 

In the selection of officers for the position of district superin­
tendent, the choice is not confined to any particular branch of the 
service, but the man who is most likely to succeed. is appointed. 
Officers holding these positions are given a free hand, and the 
policy of most managments is to say: ' 'Do as you please, but 
get the best resu lts and do not make too many mistakes" ; in 
othel' word.s, Jput the load on the man and change him if he is 
unsuitable. 

TnANsPORTATION.- ln referring to transuortation, I am not 
dealing alone with what is known in this State as the traffic 
branch, but the whole of the operating staff-the largest force of 
the railway-and on its economical administration depends to a 
very large extent the success . or failure of the undertaking. The 
work of the transportation department is to provide the ngines, 
and the necessnry service, to carry both passengers and goods 
with reasonable despatch. In dealing with transportation 
generally, it will , perhaps, not be out of place to point out some 
of the transportation difficulties which will arise in this State 
within the next few years. If we go back to the year 1895 it 
will be found that the total wheat production of this State 
amounted only to 520,000 bushels, while for the years l913/1914 
the yield had increased to 15,000,000 bushels, approximately. I 
am firmly of the opinion that, given noTmal seasons, our wheat 
yield will not be less than 50,000,000 bu hels within the next 
ten years. To convey 50 000,000 bushels of wheat by rail is 
not such a huge undertaking, providing it can be distributed 
over each month of the year. Unfortunately, these favorable 
conditions d.o not prevail, but rather it is expected that practically 
the whole of the season's wheat yield should be conveyed in three 
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1,,, four months at the outside. To transport 50,000,000 bushels 
ot wheat would, under these conditions, I estimate, require 
165,432 trucks such as we have i.n this State, which is equal 
to 4,354 tra.ins, or an average of 48 trains per day; the dead 
weight of the trucks previously referred to would be equal to 
827,660 tons. If this whea.t was conveyed in wagons of 35 tons 
capacity the number required would be reduced to 39,683, and 
the tare 476,196 tons, showing a reduction of unprofitable haulage 
of 351,464 tons; in other words, the wheat would be transported 
with 660 less trains than if the small capacity wagons were in use. 
Perhaps the following figures, which are official, will more fully 
demonstrate my point: In 1903 the average car in use on the 
Oanadian-Pacific had a tare of 16 tons and carrying capacity of 
26 tons; in 1908 the average tare was 17 tons and the capacity 
29X tons; in 1913 the average tare was 18.3 tons, whilst· the 
capacity had gone up to 34.8 tons, showing an increase of 14.2 
per cent. in tare and an increase in carrying capacity of 33.3 per 
cent. The statistics further show that the average weight of 
contents for 1913 was 20.16 tons, and for 1915 23.15 tons ; the 
average size of train in 1913 consisted of 19 loaded and 6 empties, 
and in 1915 18 loaded and 5 empties. If we take the effect of 
these figures on the total traffic we find that the saving in loco. 
mileage amounted to 898,630 for the year. I think that these 
figures are sufficiently convincing to show the necessity for 
larger capacity wagons. The Argentine railways in 1908 trans­
ported 140,000,000 bushels of wheat. These railways are mostly 
owned by British companies, who continued the old practice 
adopted on British railways of using the small capacity wagon, 
with the result that they were quite unable to carry the wheat 
to the seaboard with anything like reasonable despatch, the old 
wheat being frequently left at the inland. stations when the new 
crop was gathered. Owing, no doubt, to adverse criticism, the 
companies had to adopt the high carrying capacity wagons, and 
the result has been more than satisfactory to both farmers, 
shippers and the railway companies themselves. The wagon 
generally in use on the Argentine railways has a carrying capacity 
of 35 to 50 tons. 

LOADI ' G OF TRAINS. -All that has made the low rates of goods 
in America profitable has been secured by increasing the carrying 
capacity of wagons and the hauling power of engines. When 
the bogie truck was first invented its great value was realised 
in America, and it gradually displaced the four-wheeled truck 
until now very few of the latter are in use. Several tests have 
been made, and the practical lesson learnt from these tests prove : 
first, that it is the number of vehicles in a train which is the 
important factor in governing the load which the engine can 
haul. The more the load is concentrated-that is to say, the 
fewer the vehicles in which the load is placed-the smaller, 
proportionally, will be the draw-bar pull, and the greater the 
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load which the engine can haul without increased strain or 
expense; consequently, an improvement in the proportion be­
tween the tare and carrying capacity of a vehicle is not sufficient. 
!:; is the number of vehicles carrying the load which requires tu 
be reduced for the best results to be produced . Secondly, the 
tonnage basis of computing the load does not ensure the engine 
being worked to its full capacity, and that the draw-bar pull is 
the correct basis of computation . In some te £s made in America, 
both practical and theoretical, it has been ascertained that if 
the load of three 17-ton wagons is concentrated in one 51-ton 
wagon, there is not only a saving in the dead weight haul, but 
there is a saving of over 43 per cent. in the demand on the engine, 
and the engine can haul 53 per cent. more of paying load without 
any increased effort or expense. It would be seen, therefore, 
that the best results can .only be obtained by concentrating the 
load in as few vehicles as possible. It is, however, little use to 
bave engines and wagons capable of hauling heavy trains unless 
full advantage is taken of the power available. It is the duty of 
the transportation branch to see that trains are fully loaded, and 
it is just as necessary for the locomotive branch io provide suitable 
engines for the class of train to be worked. Goods trains are 
liable to cancellation and alteration as the business warrants, and 
nnle:s there i a complete system of ascertaining the freight to 
be moved. full advantacre cannot be taken of the power. To 
enable controlling officers to regulate the trains it is cnstomar:v 
for stations to fumish, at cm·ta.in hom thronghont the day, thP 
the train arrangements are made. Where the traffic is mo tly 
in one direction the train loading returns should show an average 
tonnage for both up and down transit, and from this information 
of not less than 96 per cent. of the engine capacity. 

LOADING OF TnucKs.-This is just as in1portant as lbe loading 
of trains, and if good resu lts are to be obtained, each loading 
station must forward a return every week to the upervising 
officer, giving the ind,ividual number of each· truck loaded, the 
class of goods and weight of contents. If these returns are 
watched carefully from week to week it will be at once seen if the 
necessary care and a.ttention is paid to the loading of wagons. 

Tn.-~.m 1h LEAG}J .- This is the uni t. used by the majority of 
English companies for measuring both the revenue and expencli ·· 
t ure. In my opinion, however, the train mileage does not fumish 
the management wit h th n cessa.ry details as to whether he is 
obtaini ng the best resnlts . I will deal fm ther with this subject 
when refe rring to statistics. 

DrsmrB TIOK m' RoLr,rNG STOCK.-! think 1 am quite safe in say· 
ing that during the bu sy season ther e is no other wbject demand­
ing such close attent ion as the effi cient di tribut ion of rolling 
stock. In Australi a we have lines practically without any station 
staff and yet a v r_l' la rge number of siding::;, each requisitioning 
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for wagons. It will readily be seen that where you have residem 
officers it is a very easy matter to distribute wagons, but totally 
different where there is no resident staff and where the informa­
tion has to be obtained from quite unreliable sources. Certainly 
there are times when it is not practicable to supply the whole 
of the wagons requisitioned for, as no ad-ministration can be 
expected to meet all demands during a very busy season. This 
could only be done by having a large proportion of your rolling 
stock standing idle for seven or eight months during th year, 
and it is only necessary to mention that as each ten-ton truck 
costs approximately £160, and management would. not be justified 
in keeping stock standing idle for eight months of the year. 
The system of distribution of rolling stock is on the following 
lines :-At a certain time each day, mostly after 5 p.m .-that is 
after the day's loading ha been completed-the station maste1 
telegraphs to the di tributing office full particulan, of all rolling 
stock on hand, either loaded or empty, and. his requiTements for 
the following day's use. At the same time that he furni hes 
his own station's return, he ndeavors as far as practicable to 
also give the same information with regard to the unattended 
sidings under his control. The distributing ofrrce, on receipt 
of this information, summarises the whole of the station returns, 
and from this make out his distributing list as to the movem nts 
of the empties and loaded wagons ar.d the trains by which the~' 
are to be moved. The importance of this work cannot be under­
estimated, for on it depends the result to be obtained from the 
following day's loading and the avoidance of unnecessary haulage 
of empty wagons. To see empty wagons hauled in oppositE' 
directions shows most wasteful management. 

WAGON 1--uGE.-To ascertain if the rolling stock has b en 
utilised to the best adva.ntage, some check must be kept upon 
the movements. For this purpose each guard in charge of a train 
prepare::: what is known as a wagon and tonnage return, on which 
the number, de tination of wagon, contents, weight and mileage 
hauled are recorded. This return i summarised each day, and 
it can be seen at any time the mileage that the truck has made. 
From this return any delays that have occurred can be immedi­
ately traced. At the end of the month it is possible to a certain 
the total mileage the whol of the stock has made during the 
month, and if the aveTage mileage is fTom 26 to 28 d::.ily it will 
be shown that faiT results have been obtained on the 3ft. 6in. 
gauge line. 

MAnsnALUNG oF TnArns.- The system of making up trains bJ 
shunting engines in an overcrowded and quite unsuitabl yard 
is not only wasteful, but results in serious delays to trains in 
starting from depot stations, which in turn disorganise - other 
tTains. I had tbe opportunity of inspecting the work lone in a 
gravitation yard, where· all traffic from tbe d.ock station in 
Liverpool was hauled to Edgehill and there sorted by gravitation. 
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The train was hauled into what is known as the "arrival roads, ' ' 
the engine detached and returned imm ediately to one of the 
dock stations for another load, and before its return the previous 
load had been sorted and gone forward to its destination. 

The whole system o£ marshalling and making up a train is 
designed to permit of the work being done with the least amount 
of effort and in the quickest possible tim e, and a train can be 

got ready to go out in less than ten minutes' time without the 
use of any engine. 

LoADING OJ:' Goons.-I do not kno w Lf any of the geptlemen 
present have ever been in a large railway receiving goods shed 
after the carts and lorries have finished unloading their goods, 
and the shed platform cover ed from end to end with merchandise 
of every kincl., going to Bvery station in the country: can you 
wonder if, by some means, goods for, say, Tenindewa are placed 
in the sam e truck as goods for some other station of a similar 
nam e? The work of checking and loading wagons can only be 
gained by long experience, as it fr equently happens that goods 
for perhaps ten, fif teen or twenty stations is loaded in the same 
truck, which must be loaded. in station order, . o that the guard 
may be able to distribute the goods at th various stations while 
the train waits. Th e work of way-billing i another important 
duty, as upon the pro mpt de patch of in voice dep nd the quick 
and correct delivery of goods. Of recent years a great improve­
ment has been made in thi s direction. The use of a typewriter 
for this work has mad.e it possible to complete the invoic in 
duplicate, and the delivery sheet for the destination station at 
t he same time.. thu s saving the delay in having to take press 
copi s of the invoices after compl etion. 

SYSTJ·> M ~· WomnNG. - The means by which t rain s can be 
moved in safety b tween different point. depends upon the clo e 
observation oF all signa ls, proper and efficient signalling, and 
some token of authority to be held by drivers when working on 
single line . Th e working of single !in is generally achieved 
by either t he staff or ticket system, electric staff tablet, Winter 
single lin e I lock, and in America by what i known as the "train 
despatch er" system. Briefly, the staff and ticket system cons-ists 
of two staff boxes, two books of tickets, and mo t ly a wooden 
staff with the na mes of the station between which iL is available 
&ngra ved on a brass plate secured to thn staff. The driver must 
have for his authority to proceed t hrough the section the staff 
or a t icket. Thi s staff is the key by which the box containing 
the tickets can b e opened. The necessity to make use of the staff 
tick ets doe· no t ari e unl ess there are two t rain s going in the 
same direction before a t rain i coming in the opposite direction, 
and in <this case the dri,·er of the first train would be hand e da 
ticket by t he signalm a n, wh o, on seeing the staFf, would be 
authorised to proceed through the section 1t happ ens, however, 



44 G. W. STEAD 

in practice, owing to the late running of trains, that the staff 
would be found to be at the wrong end. of the section and there 
being no means to transfer that staff to the station where the 
train is already waiting. With the co-operaion of the signalmen 
at both ends of the section, and the authority of the superinten­
dent of the district, the train is worked forward on wha tis known 
as a " line clear" report. The signalman who has possession of 

the staff O'ertifies that the staff is locked up and will be kept 
secured until the train arri ves with the " line clear" report. 
Strictly speaking, this is an infringement of the staff and. ticket 
system, but with long sections such as we have in Australia it has 
been found impracticable to transfer the staff without causing 
serious inconvenience to the travelling public. There, however, 
can be no question that the issue of " line clear" reports should 
be reduced to a minimum, and should these " line clear" reports 
occsur frequently, rather than take any risk the staff and ticket 
system should be superseded by eit her the electric staff or tablet. 

ELECTRC SLHF,-This supersedes the train staff and. ticket 
and consists of two columns, each containing twelve to sixteen 
staves, and one column at each end. of the section. Briefly, the 
electric staff system is to prevent more than one train being 
between two staff sections at the same time, a,nd when no train 
is in the section, to admit of a train being started from either 
end. This is accomplished by every train carrying a staff. It will 
therefore be seen at once that so long as the section is not already 
occupied a train can be <>tarted from either end, and this dispenses 
with the necessity of " line clear" reports. In certain cases where 
the traffic is heavy and. the sections long it has been found neces­
sary to introduce what is known as " permissive" block working. 
In such cases t he locking of the electric staff instrument is so 
arranged that the staff can be divided into two or t hree parts, 
which will permit of the same number of trains following each 
other and by this means will increase the carrying capacity of the 
line. It, however, is not possible to obtain another staff from 
the opposite end of the section until the whole of the divided parts 
have been received by the station in advance. 

BANK ENGmE KEY.-When necessary, in the interest of econ­
omy, to use bank engines over certain points of the line, the 
engine would. only be required to assist the train for a short 
distance in the advancl3d section. In such cases the electric staff 
is so arranged and fitted with what is known as a bank engine 
key, which authorises the driver of the bank engine to r eturn to 
the station in the rear, without going through the section, so that 
by this means you have the train proceeding in the one direction 
whilst the bank engine is returning to the station to where be 
obtained the bank engine key, but until both the staff held by 
the driver of the train engine a.nd, the key held by the bank engine 

are placed in the instruments at both end sof the section, no 
other staff can be obtained. 
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1'YERS' ELECTRIC TABLET.-This system is in almost all respects 
similar to the electric staff, with the exception that instead of 
a staff a round metal token is used. :Messrs. Tyers and Uo. have 
introduced what is known as an absolute or permissive tablet in­
strument, the object of which is to facilitate the crossing of trains 
at unattended sidings. As an example : a section of 20 miles 
in length, the running time for a goods train is 70 minutes, an 
unattended siding exists 10 miles from either end, there are 
trains at both ends of the section ready to proceed in opposite 
directions; it therefore fo llows that the ordinary staff working 
e~Q:.her one or the other of the trainS! must be d.elayecl for 70 
minutes, but with Tyers' intermediate crossing instrument neither 
of the trains would be delayed, a the crossing could be made at 
the intermediate siding. At each end of the section there are 
two instruments, one known as the control and the other known 
as the secondary. The control instrument is fitted with an 
electrica.lly locked hopper, in which is placed the tablet with­
drawn from t11e ordinary tablet instrument and which when in­
serted and locked in the hopper of the control instrum ent switches 
the crossing instrument in circuit <1nd enables the signalm an at 
each end of t he section to take out a crossing tablet for the inter­
mediate siding. The t rain on arriving at the intermediate 
siding would. exchange the crossing tablet and until both trains 
had arriveci at t heir respectiYe ends of the section, and the tablet 
had been deposited in the cont rol in strum ent. it would not be 
possible to obtain another tablet at either end. 

Dounu~ LL"}J WonKI:KG.- 'fhe working of double lines of rail­
way also require o be divided. into sections; the lengths of same 
will entirely depend upon the density of the traffic. There is this 
dif-ference between the working of a single and double r ailway, 
and that is that the driver, whil e working npon a single lin e 
railway, is always in possession of some token, whilst on double 
lines he has to be ent irely guided. by the signals. To maintain 
a space between each train what is known as block in strum ents 
are provided. Instruments for block working may be placed in 
one or two di,·isions. In the fir st, the indicat ing apparatus 
is stabled in either of the positions, it can take up the current 
transient and is only used to effect a change of position; in the 
other division , the indicating apparatus is stabled in one position 
only and. change of position from th norm al can only be main­
tained by a continuous current. In trnmets of the fir st diYi ion 
indicate two conditions only, i. e., " line blocked" (normal posJ­
tion), "line clear" and "train on lin e." The differ ence just 
shown ma,y seem to be of little importance, but in reality i is of 
the utmost importance to indieate t h exact posi tion of affairs 
at any stage of block working. "Line clear" with in strum ents 
of the first division indicates that there is no train in the sect1un 
to which t he instrument refers . With in truments of the second 
division it not only ind.icates that there is no train in the section, 
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but also that the signalman at the receiving end has given per­
mission for the train to be sent forward. The Winter block 
instrument is the only instrument in this State which belongs to 
the first division. Syke's Lock and Block.-This instrument 
belongs to the second division, previously referred to, and is in 
use in this State, and does not only give all usual signals, but 
also locks the block instrum ent with the outdoor mechanical 
signals, to control the starting or advance starting signals, at 
the sending end of the section by the signalm an at the receiving 
end. The system provides a combined locking and indicating 
instrument for each line of rails, each instrument being provided 
with a separate line wire, separate bell communication .between 
the ends of each section by which all signals other than those 
indicating the condition of the line for the t ime being are sent, 
a mercury contact rail treadle placed near the starter or advanced 
signal to release the locking arrangements at the proper time, 
an automatic signal arm replacer fixed on the signal, which is 
also worked with the treadle. From this it will be seen that this 
object of signalling is to take out of the hands of the signalman 
the power of giving " line clear" to the rear station until the 
train has cleared the treadle at his starting signal. 

With the Winter in strument the entire responsibility is cast 
upon the signalman of giving " line clear," whilst with the lock 
and block it is not possible to give " line clear" to the ·tation in 
the rear whilst th r e is a train in the section. 

ArToM.-I.TIC SIGNALUNG.- 0£ these systems there are many, but 
as I have only seen one of these systems in use I can only speak 
of one, and that is the W estinghouse electric pneumatic. This 
system employs a t rack circuit which is operated by a battery at 
one end and a relay at the oth er, the current being carried through 
the rails, which are cormected together through the joints by 
specially prepared wires. When a train or a vehicle enters a 
block section, the wheels short-circuit the current, which causes 
the signal protecting the section to assume the d.anger position 
and to remain in that position so long as there are a pair of wheels 
in tha-t ection. 

Th e signals are operated by compressed air, wh.ich requires 
the rrovision of a power hou se at intervals of about 25 mile . 
l had the opportunity of inspecting this system on one of tb 

tube railways in London, and was much impressed with it. At 
Whitechapel I took particular no tice of ·what i known as an 
illuminated diagram by which the ignalman could see the move. 
ments of trains in three differ nt sections. "' hilst there i a, 
tram in any of the sections the diagram is dark, but immediately 
the train clears a section the diagram is illuminated. On the 
tube railways they also have what is known a . a " train stop," 
which is in such a position as tu apply the bra.ke and bring thE 
train to a stand, should a train by accident over-run the signals. 

Whilst on the subject of track circ-uits, it is worthy to mention 
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that quite recently two trains collided a Binalong, in K ew South 
Wales. 'fhis accident was caused owing to the signals for a line 
ah:eady occupied. being pulled off "in error. Had a system of 

track locking been in force at Binalong this accident could not 
have happened. This in it elf should warrant the track locking 
of all crossing loops on single lines where the traffic was of any 
importanc . 

SIGNALLING AND lN'l'El1LOCKING. - Block instrum ents themselves 
are of very little use without the aid of outdoor signals to guide 
the train men, and in Engli h practice the following signals are 
.in use, i.e., "distant," " home starting" and " advanced. starting," 
'stop" or "directing" and "siding" signals. 

The positions are aE follows :-"Distant," a hundred to a 
thousand yards outside home; ' 'home" signals to protect the 
station or any points leading to the main line; "starting" signals, 
ahead. of the station, and "advanced starting" signals in adYance 
of the starter. The space between "home starting" and " ad­
vanced starting" is generally governed by the length of trains. 
The points when interlocked are so arranged that the signals 
cannot b e pulled off unl ess the points are set for the road for 
which the signal applies. The signals are worked from the fram 
by wires. To secure facing points in their proper position they 
must be bolLecl by a lo ·king plunger 1 a sing through the stretch r 
bar and to prevent the ignalman dra,wing the bolt while a train 
is passing over the points they must be fitt ec]. with a locking bar 
to suit the longest wheel base of the rolling stock. The first step 
towards the interlocking of points and ignals is the concentration 
of the levers in one frame . Briefiy, the interlocking of points and 
signal must be so arranged that a signal eannot be lowered for 
a train until the points have been properly set and locked; that 
any two signals which might lead to a colli:i.on cannot be exhibited 
at the sam t im e; and that after signals have been lowered for 
a train to pas , no poin ·s connected \Vith or lead-ing to the line 
on which the train is running can be moved. 

Detectors should be fitted in order to en ure that the points 
are properly set befor the signals are loweren, and to di cover 
any failure in the connections betwe n the le l'ers and points; 
otherwise if the roads were buckled a lever might be pulled over 
without any corresponcJ.ing movem ent of the points. The o-eneral 
requirements of a good interlocking apparatus are tnat there 
shall be very close locking, i.e., the locking shall not be effected 
until the strok has been completed; and that the apparatn 
shall not only be effective m working, but strong and simple in 
construction. 

STATISTICS.- Some form of statistical measurement of receipt 
has probably been in use since the very beginning of railway 
working. There are still people who distrust average figmes and 
the old grumbl e of reel tape when statistic are mentioned. As 
a IDl:\tter of £ach, red tape is nothing more or less than hone t 
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system; an objection to it betrays the casual man's dislike o£ 
order and regularity and his fondness for rule of thumb methods 
and rough ideas. Perhaps no feature of railway operations, unless 
it be that of rates and fares, has given rise to more discussion 
than that o£ the use of statistical units for the control of train 
working. ·whatever system be used the object is the same. 
A railway is usually said to fua,nufacture and sell transportation, 
and, like any other manufacturer, requires to know the cost of 
what is sold in order to measure efficiency. The train-mile is 
the basis most generally used, especially in England. Certainly 
the train-mile is a more reliable unit than the ratio of expend-i­
ture, and it is not sufficient to dismiss it as unpractical in face 
of the fact that the majority of the managers of railways in 
Great Britain majntain their faith in its reliability. At the 
same time, it i · defective as a unit. The railway sells transport 
and receives its earnings in return for certain weight a certain 
distance. The defect of the t r ain-mile is that it is not a com­
plete figure. The train 1n ay consist of fiye wagons or fifty 
wagons, and may convey goods of the third class or coal. An 
impro1·ement- for example, the better loading of wagons-might 
show an increased co t per mile, ince the expenditure would be 
divided by fewer train-mil es. The train-mile is a variable unit, 
und does not represent the same combination of cmiditions at 
differc11t periods and in diffe rent places. ·wh-at is required. is a 
unit 11·hich shall represent the work done, not in running a train 
of unknown composition, but in carrying a given weight a known 
distane . and this we ha,·e in the ton-mile; or, for pas enger 
traffic. the pas enger-mi le. Ton mileage is the total of the ton 
carried one mile. 1t provid s a unit comprehending the two 
factors of :the to-ansport sold; that is to say, weight lifted and 
dist.ance conveyed. M o1·cover, the ton-mile is the basis of many 
ot·hP r average figures, such as loading, per wagon per train, re­
N~ipt, leno·th of haul, tc., all of whi.cb are useful. It is not 
allogether th e value of the ton-mile i ts If that has warranted 
its preparation , but t he other units which form a part of it, or 
which are derivable fr om it and which cannot be produced with­
out it. There are ma.ny otlwr definition s of the ton-mile. 1t 
is necessary to understand the nature and use for this unit. All 
the following units are formed from the ton and passenger 
mileage:-

~umber of ton-rnileR. 
Passenger-miles. 
Average train loads. 
Average wagon loads. 
Number of passengers per tram. 
N um her of passe11gers per coach. 
Length of haul-goods. 
Length of journey-passenger s. 
Average rate per ton-mile. 
Average rate per passenger per mile. 
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P .a_ssENGER MrLEAGE.-The passenger-mile is one passenger car­
ried one mile, and the computation of passenger mileage is similar 
to that of ton mileage. Ten passengers booking to a station 
ten miles distant are equal to 100 passenger-miles. 

R.a_rLWAYS AND WAR.-The present struggle has demonstrated 
the great advantage to· any country possessing strategic railways 
over those less favored. It has enabled G rmany to concentrate 
her t roops either on the ea,tern or western fro~ti,·:·s in man·el­
lously quick time, but not only this : it has nablec!. nf'r to moYe 
troops to any position that may be thr ateJ.cd, or fo any position 
where the defence is weak, not only t roops, but munitions. etc . 

It is claimed by the Germans that on mobilisation no fewer 
than 26,000 trains were required to transport 2,000,000 men, with 
horses, stores, munitions of war, etc . In England, on lllobilisa­
tion, it is stated that 1,500 trains were necessary, and one day 
21a troop trains arrived at different part . It is not known the 
exact number of men, but i t may be roughly estimatPd Rt 150,000. 
in adcJ.iti.on to which there ware 60,000 horses 6,000 ve}.icles and 
5,000 tons of _lnggage. up to tl''" end of September the English 
railway companies ran 2,200 flpecials for troops alone . 

The necessity for strategic railways in Australia is beyond 
question one of t he greatest importansce. ·what would happen 
if we were suddenly attacked on this coast, or in the Northern 
Tenitory, with our present railways ? So far as can be . een, the 
defence of Perth would not be of the slightest use against a foe 
like Germany, and, once let them get a footing and cut off OUJ' 

food and. ammunit ion supply, our po ition v;·ould be desperate. 
as we rely upon the coast and the Eastern States for our exi.­
tence. Even with t he Trans-Continental open, and change of 
ga.uge at two or three points, i t wou ld be a very slow proces. 
of getting either men or equir ment from East to West. Again. 
t he Tn111s-Continental is so close to the coast that it could be 

cut qui te easily. In my opinion, a direct railway from Freman­
tle to Cunnamulla, in Queensland, from "hi eh connections should 
be made to -vielboume, in Victoria, to Condobolin and Bourke. in 
New South Wales, and from Thallon , in Queensland.; an cl a 
direct line from Oodnadatta, in South Australia, to Port Darwin. 
with connections from the main trans-Continen tal, so that troops 
from the eastern coast could be transported to either the western 
or northern coasts . It is, however, essential that the gauge 
should be uniform. 
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DISCUSSION. 

Mn. HAYNES: Mr. Stead's paper is full of interest. lt is what 
we might desqribe as an appeal to the commercial side of en­
gineering, given to us by a keen business man, who speaks from 
experience. The paper is full of interesting figures and details, 
and l have every confidence in assuring :Mr. Stead that we 
thoroughly apprecia.te it. I am glad to see so many railway men 
present, and leave to them the honour of opening the discussion. 

MR. EvANS: Mr. Stead said. that he thought that most of the 
railwaymen of Western Australia were in favour of the train mile. 
Now, as a locomotive officer, I can assure him that he is abso­
lutely wrong. I am out and out an advocate of the ton mile, and 
particularly from the traction point of view. For instance, it will 
be obvious that if the locomotive branch, which supplies the 
power, is to be paid on the train mile system, or be called to ac­
count for what it does on the train mile system, the smaller the 
engines we can put on the b tter result the locomotive will show, 
but as locomotive men we know that our duty, is to hook on to 
the bigg st load the Traffic Depa.rtment can give us. With con­
centrated and extensive engine · power, we can get cheaper 
haulage, and furthermore, do not occupy the section any longer 
with a big load than with a small load, and further would only 
he running with one driYer, fireman and guard.. It seems to me 
t.hat it should not be peculiar to the locomotive branch al~ne that 
the ton mile should have great r prominence than it has. I 
believe Mr. Stead will admit that there are difficulties in the ton 
mile in the amount of tatistics that have to be obtained. At 
least, tha.t is what I have always understood from the Traffic De­
;Partment; but if this cl.i cussion can bring forward somethiljlg 
which will enable us to get the ton mile instead of the train mil~, 
as a locomotive man then I shall be very thankful. It i what we 
are looking for, and I am sure that it is the correct thing. It i 
very largely used in America, where they haYe some very big 
propositions to deal with . I have read recently that the new 
Manager-in-Chief of the Great Eastern Railway in England, is 
an American. At a recent meeting he admitted that he did not 
think anything nad ever been done better in the world in railway 
work than the mobolisation of the troops by the English com­
panies, and that is why I am a firm believer in the ton mile, and 
I would like to see it brought into effect here. because not only 
would it be to the advantage of the locomotive branch, the 
branch supplying the power, but as Mr. Stead has pointed out it 
would give such information that you can touch the spot every 
time. 
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Mn. STEaD : The Great Eastern has introduced. the ton mile­
Mr. Thornton is the manager's name. 

Mn. LAwsoN: There is one feature that probably Mr. Stead 
can supply, and Uhat is in regard to the 35 ton trucks on the 
Canadian railways. Mr. Stead dealt more particularly with 
these, I take it, with regard to the handling of wheat, but I 
gather from what I have read on this matter, nearly all these 
trucks are used in connection with bulk handling. Most of the 
American traffic in wheat has been found to be most profitable 
where the grain is handled in bulk, and therefore I take it that 
these large trucks are nearly all used in ihe way of dumping 
trucks, or trucks that are emptied rapidly by some method such 
as the grain elevator. The ton mile seems to be, if , I might say 
so, the only rational way of keeping record of the traffic, but no 
doubt, as Mr. Evans has pointed out, it entail~ a good deal of 
statistical work . 

. J\1It. GaRDAM : The point that struck me most in the paper 
was the omission of any reference to the importance of electrical 
operation of railways. In reference more particularly to passen­
ger traffic, the adv~1ntages of electric 01 eration stand out very 
prominently, and will become more important in the future. The 
principal advantage of electrical operation is prof:Jably to be 
found in suburban woTking. Trains composed of a more or less 
fixed. number of coaches are running at times filled to their limit, 
and the rest of the day are practicaly empty, which does not lead 
to efficiency in haulage power or the use of rolling stock, whereas 
if we adopt electrical operation for service of that class we can 
arrange the size of the train to suit, and we need only use the 
necessary power for the number of passengers at that time. In 
big terminal stations, there is th question of handling the trains 
a.nd shun ting, which can be more effectively clone, a.nd at a very 
considerably reduced cost in the case of electrically operated 
trains. Speaking of electrifi cation of railways as a wbol_e, al­
though Lhe lines el ctrically equipped are increasing in length 
everywh re, while the main advantages have undoubtedly been 
proved in shor t and suburban services, for long distance trains 
the electrical operation is more a matter of finance than practi­
cability. 



ELECTRICITY GENERATION AND SUPPLY. 

BY W. H. T.a.non. 

The subject which I have taken, viz., Electricity Generation 
and Supply, is one which has engaged the Engineers of the Elec­
trical profession at home to exercise their greatest skill in bringing 
the art to the high pitch it has risen i;o-day. The particular 
portion of England which I have taken as an example, and the 
most progressive, is that known as the North-East Coast. 

This portion extends from Blyth in the North to Gresborough 
in the South, and to Bankfoot and Oonsett in the West; the area 
is, approximately, 1,000 square miles. As some indication of the 
indu stries emhbraced in this area the table below will give some 
idea of the proportion, to the remainder of the Unuited Kingdom: 

TABLE No 1. 

Population Coal Coke Made, Ironstone Pig Iron Shipping 
-··· at r.ensus, Mined , 1913. 1913. Mined, 1913. Made, 1913. Built, 1913. 

I9II · Tons. Tons. Tons . Tons. Tonnage. 

N.E. Coast Indus-
trial Area 2,300,000 56,352,218 7,500, 000 6,010,S36 3,869,214- 9 625,28 

United Kingdom 45,211,888 287,430,473 20,529,732 15,997,328 10,260,315 1,231,92 

Ratio : 
N.E. Coast } 

United Kingclon 
5'1% 19'6% 36'5% 37'5 % 37 '7% 51'0/. 

To build 51 per cent. of the total tonnage of the United Kingdom 
on two rivers, the Tyne and the Weir, calls for large engineering 
shops in addition to the ship-building slipways. 

Besides ship-building, the coal and iron industries have a goo ' 
percentage of the total output for these products of the United 
Kingdom. The developments which have taken place are largely 
due to the fa.ct that cheap electrical power is available in any 
quantity and in any place. 

The growth from 1900 to 1914 was 5,000 H.P. to 300,000 H.P. 
in connected load to the supply companies' mains. The lighting 
supply had only increased from 5,000 to 20,000 H.P., against 5,000 
to 300,000 H.P. for traction, power and heating, collieries, iron 
mines and bulk supplies . This emphasises the fact that power 
has been the lines on which the development of the company ha 
been made. 
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Tt1 combined output from all stations on the ss- stem on 
December 18, 1914, was approximately 74,000 kilowatts or 110,000 
electrical horse power, while the maximum load is 74,000 kilowatts 
and the minimum 40,000 kilowatts at 1.30 a. m., the maximum 
occurring at 4.30 p.m. I am not permitted to aive the actual 
figures of the companies' output, but I can say it is over 
400,000,000 units per annum. 

<..'OM:M.f}NCEME-'T m' PowEn f::ll."PPLY ON THE N .E. CoAsT. 

The power supply busine s is in the hands of the N ewca tle 
Electric Supply and distribuLing companies, who commenced 
operations in quite a small way with 1,800 kilowatts of plant, 
which has now grown to 157,000 kilowatts, or 210,000 horse power. 

The ewcastle Supply Co.'s first station was situated at 
Pand.on Dene in the City of ewcastle, and started about 1889. 
In the year 1900 the company began to extend its field of action, 
with the result that a new station had to be built. It was 
appar ent that the correct place was the river and a site wa 
selected at Neptune Bank on Tyne. Here the birth of what was 
afterwards to be the largest power supply company in the nited 
Kingdom saw the light of day. A station having a capacity of 
6,800 H.P. (5,100 K.'W.) was erected. Developments were rapid, 
and the companies' engineers were faced with the problem or 
further xtensions. The point at issue was, is ~ eptunc Bank 
Station suitable to become the central 1 ~nver station of the 
company, with an ultimate capaeity of tens of thousand OI 

kilowatts? or should a new station be built and designed to handl 
such power 1 'rhe last was the decision ar-rived at. The com­
panies' engineers were certain that if reciprocating engines were 
installed, the size of the unit would be limited, d.ue to site space 
conditions. The largest reciprocating engine that was r unning 
was at the companies' N eptun Bank Station, 1,500 kilowatts. 
At this time the Hon. 0. A. Parsons wa pressing forward his 
claims for t he steam t urbine, which up to this time had not been 
used commercially to any extrnt for large generating sets. To 
gain experience and to test under actual operating conditions of 
power station work a 2,000 kilowatt set was ordered and. installed 
at ~ eptune Bank. The good results obtained decided the en­
gineers that the p1im e mover for the new station was the tw·bine. 
A suitable site was chosen clo e to ~ eptune Bank Station at 
Carville on Tyn e, work was comm need and the new station put 
into operation in July, 1904, four years after the companv 
launched out in power supply earn estly. This tation was t he first 
of its kind to be laid d.own exclu ively for bulk supply and driven 
by turbines only. The first sets to be installed were two 2,000 
kilowatt and two 5,000 kilowatt, a total of 14,000 kilowatts. 
These 5,000 K.W. sets w re the largest in commercial use at the 
time, th eir normal capacity b ing 7,000 electrical H.P. One of 
these t urbines ran for 7,500 hours, during which time it was only 
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out of comm1sswn for 52 hours . The steam pressure used is 
200lbs. per sq. inch, l50deg. F. superheat and 95 per cent. vacuum, 
or 28X inches of mercury with 30-ioch barometer. The steam 
consumption of the e sets proved to be 15lbs. per kilowatt hour. 

These sets generate three-phase 40 cycle current at 5,750 volts, 
the t urbines r unning at 1,200 revolutions per minute. The boiler 
house was equipped with Babcock and Wilcox marine type boilers. 
This station from the modest .14,000 kilowatt has now increased 
to o4,000 kilowatts or 83,000 electrical norse power. 

The particular feature of the Carville power station wa:s tn.e 
introduction of the independent unit system, the first instance in 
which it was adopted in England. At the time great failures 
were predicted in the system. lnstead of proving as prophesied, 
a failure, it pro1·ed the soundness of the arguments for its adop-
tion. Each independent unit consisted of: 

Steam tutbine and generator 
Boilers 
Economisers 
Transformer 
Air pump motor 
Circulating pump motor 
Economiser motor 
Induced draught fan 
1:3toker motors 
Ash conveyor 
Main oil witch. 
Tsolating switches and bus bars in duplicate. 

The lay out was so arranged that each unit could. be coupled 
up in parallel on the steam and elec(,rical side; it wa:; .. u~ neces­
rasy to have separate banks of boilers, the isolation being made 
by means of Yalves in the main steam header. 

To deal with the power for which this station was designed, 
the usual methods of switchgear arrangement then existing were 
quite inadequate . The ru le usually adopted in , electing generator 
oil switches was to select tho e capabl of carrying the necessary 
current and. insulated for the working pressure. This was seen 
to be the wrong lines on which to design t he main oil switches for 
such a sy tem, and t he fo llowi ng basis was e tablished : In the 
ennt of a faulty generator , the whole p lant running will feed 
back through the generator switch, and on its opening will be 
called upon to break the shor t circuit current of the stations ; 
perhaps ten t imes norm al fu ll load of the machine". A switch 
de igned on the current-carrying basi of the machine to which 
it was connected wo uld fail miserably at its fir t opening under 
short circuit condit ion . This was fo reseen, and the generator 
and feeder switche designed to open the full short circuit current 
of the tation ; the Sll·itch-o·ear installed will clear a fault of 
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40,000 kilowatts of plant on the bus bar with certainty. The 
question of switch-gear in large power stations is of paraniount 
importance, and too much attention cannot possibly be given to 
its design and arrangement. 

To eliminate chances of failure each phase should be enclosed 
in a. concrete cell or compartment, e-..::cept in certain instances 
where the oil switches for high voltages are specially designed to 
be install d as open units. A bus bar fault is the worst form 
that can deYelop, being as it would close up to th generator, 
with the result that the full power of the station on short circuit 
is spending it energy with disastrous results. 'ro make such an 
occurrence an impo sibility, no in t rument transformers ar per­
mitted on the bus bar side of the oil switch. When the switch 
opens the bus bars are then free of any apparatus that can cause 
trouble to the system. The same arrangement are made in the 
case of the feeder circuits . 

The switchboard in the engine room controls the generators 
only. All feeder circuits are operated from the control room . 
Arrangements are also being made to control the generator from 
th1s position. 

The steady growth of the company and the enormous cable 
system, when considering further additions to the generating 
capacity, led the engineers to consider erecting anooher power 
station near the centre of the supply to eliminate the duplication 
of feeders to deal with the growing demands for power. Another 
reason for this policy, apart from the desirability of having two 
station s on so large a system, was to give security of supply. 
A site was chosen at Dunstan-on-Tyne of approxtmately 30X 
acres in extent. The station generate three-phase cu rrent ... ~ L• 
periodicity of 40 cycles and a normal pre sure of 5,750 volts . 
The steam pressure is 200lbs. per quare inch, and is sup rheated 
to a total temperature of 570deg. F . The station is laid out to 
accommodate six generating sets, each of 8,000 K .W. normal 
capacity and 10,000 K.W. maxim um capacity or a tota,l of 50,000 
kilowatts. The present plant consists of two A.E.G. Impulst> 
turbines, each of 8,000 K.W. capacity at 1,200 R .P.M., of the three­
bearing type a,nd one Richard>;on-Westgarth Brown Boveri . et of 
7,500 K.W. capacity at 1,200 R.P.M. The first machines have given 
considerable tro uble due to balance, whereas the English turbine 
set has run from the star t with the greatest satisfaction to the 
company. The above-mentioned s t was a new departure in 
English practice, as in this case the high pressure Parson element 
was separate from the low. This was decided upon in view of 
the excessive length of one spindle, at the same time by having 
two separate cylinders it wa possible to run with very much 
finer clearance at the high pre. sure end, consequ ntly a more 
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economical unit. An extension set has been installed of 15,000 
K. W.; for this the disc and drum principle was adopted. The 
boiler house is set at right angles to the turbine room, conse­
quently reducing the whole size of the building, besides making 
a more economical pipework layout. The following is the present 
boiler house equipment : 

~ o. boilers : 8. 
Type · Babcock and Wilcox Marine. 
Heating surface : 6, 725 sq. ft. 
H ating superheater : 1,156 sq. ft. 
Type of grates : Chain. 
Grate area : 168 sq . ft. 
Economiser heating surface : 2,880 sq. ft . 
Draught: Induced. 
Steam pressure: 200lbs. per sq. inch. 
Evaporation normal : 30,000lbs. 
Evapo1•ation: 37,500lbs. 

SwrrcHGJHll. · 

The switch gear controlling the generators is situated m a 
switch-house 150 yards from the turbine room . Here the main 
oil switches, bus hars and feeders are grouped. From the 
generator cables arc run to the switch-hou e for connecting the 
generators to the bus bars. In th turbine room, except for the 
auxiliarie there is no electrical gear visibl . 

In the control room a telephone installation is in tailed con­
nected to the system control room at Oarville. Here the Engineer­
in-Charge can receive working instructions from the system en­
gineer, as to the plant to r un and what load to cany. Each 
generator's main oil switch will cany continuou ly 20,000 K.W. 
and will open under any conditions. 'rhe bus bars are dividea 
b.'' a . ectionising switch of 30,000 K. W. capacity. 1n D unstan, as 
CarYille. nothing in the way of cunent limiting reactance haYe 
been install ed, t he generators and feedeT being protected by 
means of balanced protective gear of the M erz-Price type. 

Space does not permit of my going into the utilisation of 
\\"a ·te heat. as this would forrn an intere ting paper for discussion 
alone. It is sufficient to state that out of a total of 210,500 H .P. 
of generating station capacity 45,000 H. P . is generated entirely 
without the use of coal fired boilers. 
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NORTH-EAST COA T POWER COMPANIES. 

PARTICULARS OF GENERATING STATIONS. 

Power Station. 

Carville ... ... 
Dunston ... 
Philadelphia ... 
Neptune Bank .. . 
Hebburn .. 
Blaydon ... ... 
Bank foot ... 
Bowden Close ... 
Grangetown ... 
Newport ... 
Weardale ... 
Clarence ... 
Ayresome .. 
Tees Bridge ... 
Shotton ... ... 
Horden .. . ... 

{ALL 3-PHAS J~ . 40 CvcL!l.S.) 

Type . 

Coal-fired ... . .. ... 
Coal-fired and Gas . .. 
Coal-fired ... ... . .. 
Coal-fired ... ... ... 
Coal-fired . .. . .. ... 
Waste Heal and Gas .. 
Waste Heal and Gas ... 
Waste Heat and Gas ... 
Coal-fired and Waste Heat 
Waste Heat . . ... 
Waste I !eat and Coal-fired 
Waste Heat ... ... 
Wa<te Heat ... ... 
Waste Beat .. . .. . 
Waste Heat .. ... 
Waste Heat ... ... 

Total ... ... 

I 
H or,e- .Power o f I Vollage . 

Generallng Plant. 

• 8},000 5.750 
46,ooo 5. 750 

"!- 24,000 5.750 
6,lloo 5.750 
4,300 5.750 
),:!00 5. 750 
5,3oo J,OOO 

6,700 J , OOO 

8,ooo 1 1,5oo 
7.300 2,750 
5,300 2, 750 
J,200 2, 750 
3,200 2 , 750 
1,6oo 2,750 
I,JOO 2,750 
1.300 2,750 

210,500 

·Includes 31,000 h.p. now being installed. 
t 13,000 Jl 

MERZ & 1\IcLELLAN, 
Janu ary, 1915. 

Out of 42,000,000 units in 1914, 16,000,000 were generated by 
waste heat, or 38.1 per cent. of the total output. As the waste 
heat utilisation is now being developed, in the near future we 
may expect to see more plants erected. l would. mention that 
no gas engines have been in tall d, all generating units being 
turbines. Until some decided step in gas engine or gas tmbine 
development has taken ·place the engineers will pursue the steam 
policy only from the consideration of reliability on a large 
system, subject to heayy overloads and shocks, which the turbine 
is highly suited to take care of. 

TRANSMISSION SYSTEM. 

Current is generated at Oarville and Dunstan at 5,750 Yolts, 
anc). supplied into the main distribuliing system in and around the 
Tyne. nderground cables are used for the supply to the variou 
substations, and overhead lines on the main transmission system 
in Cleveland and Durham, also in the J orth as far as Blyth. 
The pressure for transmission is stepped up from 5, 750 to 20,000 
volts in static substations. 

On the greater portion of the line wood poles are used of A 
construction, carrying singll:' and double circuits at 5, 750 to 20 000 
volts. There are several lines having ·teel tower and "K" 
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tubular poles. The standard spacing is 80 yards, using poles 
40 feet high. Pin type insulators with galvanised mild steel pins 
mounted on channel iron cross arms is standard practice. Al 
terminals in the more recent lines disc suspension strain insulators 
have been adopted. These lend themselves easier to connect to 
cable d.ividing boxes. 

EARTHING AND LIGHTNING. 

In recent years the use of horn gap and aluminium electro­
lytic arresters have been discarded, where it is possible to ter­
minate a transmission line in a length of underground cable. It 
was proved that horn gap arresters, likewise multigap arresters, 
were responsible for many transformer failures due to oscillation 
set up by the discharges acro ·s the spark gaps. To prevent this 
an underground cable introduced at each end would offer sufficient 
resistance to protect the transformers. This system was adopted 
several years ago with excellent results . In the case of over­
head lines terminating at the substation overhead, aluminium 
lightning arresters have been to some extent used. 

To ensure a satisfactory earth connection a continuous earth 
wire is carried the entire length of the line, and connected to 
an earth plate at every fifth pole. This has been done to ensure 
the instant operation of protective devices installed, to protect 
the lines against short 0ircuits to earth. 

The system operates with the centre point of the generators 
earthed, one generator only being earthed through a resistance at 
each power station. 

U.A.BLE Svsi'EM PRO'l'ECTIOK. 

The underground feeders are protected by balanced protective 
gear on both the 5, 750 and 20,000 volt side. 

Without the development of the balanced protective gear it 
would have been impossible to operate such an extensive system 
coupled solid, as used on the N.E. Ooast . · A word of explanation 
may not be out of place in its description. It is dependent on 
the principle that if a certain current enters a cable at one end 
and the same current leaves at the other, the cable is sound; if 
not, it is obvious there is a fault in its length . To utilise this 
principle cun-ent transformers are connected to each phase and 
the secondaries opposed. When the circuit is unbalanced a 
current will circulate in the current transformers secondary wind.­
ings, which are connected to a relay which operates the trip on 
the main oil switch . So reliable is the apparatus that faulty 
generators and feeders carrying thousands of kilowatts have been 
disconnected from the system without shock. The author has 
repeatedly short-circuited bus bars with an earth feeder to test 
such apparatus without injurious effects to seam turbine plants 
of large capacity. The utmost confidence has been placed in the 
apparatus and has proved beyond doubt all that was claimed for 
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it. A modification has been introduced in the split conductor 
system which eliminates the use of a, pilot wire, thereby reducing 
the initia.l expenditure. It has been found in practice that the 
system is to l::ie relied upon quite as much as the Merz-Price system 
usmg pilot wires. 

UoNsuJimns. 

The consumers taking current from the Company range from 
the domestic supply to that of railways, tramways and mumcl­
palities grouped under the fol lowing headings :--

Consumer. Load. 
N.E. Railway Company. Electric Suburban Railways 
Tramways Street Cars 
Shipbuilding Motors 
Engine Works Motors 
Ordnance Works Motors 
Flour Mills Motors 
Rope Works Motors 
Docks Pumping 
Chemical United Alkalid Co. 
Electro Flex Co. Electric Steel Furnaces 
Middlesborough Corporation Bulk Supply 
Tynemouth Corporation Bulk Supply 
Durham Corporation Bulk Supply 
Cleveland & Durham Co. Bulk Supply 
Collieries Electric Winches & Coal Cutters 
Steel Works Rolling Mills 
Iron Furnaces Charging Gear 
Domestic Supply Lighting, Heating & Cooking 

Total Connected Load, 300,000 H.P . 
.Maximum Load on Station, 100,000 H.P. 
Load Factor, 6l.5 per cent. 

RE.A.SONS FOR B LK St'PPJ.Y SYSTEM. 

The reason for the development of Electricity on Tyneside has 
been due to the combination of the system. Had the power supply 
been in the hands of small generating stations instead of two 
large ones, owned by the company, the present stage could not 
have been reached. Current is sold on a commercial basis by 
the companies' engineers. They set out a scheme for one power 
supply, and by such have now the extensive system of mains a.ll 
over the North-East Coast. To obtain low generating costs and 
a cheap supply of power it is obvious that one and only one 

factor can govern t h e cost of production, that is the "Load Factor" 
on the station. To illustrate this I will cite the case of one indi­
vidual who commences work at 8 a.m. He will rise at 6.30, have 
a breakfast cooked by electricity, at 7 a.m. he is conveyed to his 
employment by el ctric car or train his plant will be driven by 
electric motors, he will return by car or t rain and ha ,.e his evening 
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meal cooked electrically; in the evening he will have his amuse­
ments largely electrically, pictures or theatres, if he stays at 
home he will use electric light. From a power house engineers 
point all these things could not take place at one time, but if 
you give a portion to each generating station then it will be seen 
that when the man is cooking his morning meal the tramways or 
train load is light, and so on. If all are combined in one power 
house then results similar to those of the Newcastle Electric Supply 
Company are certain to be achieved. 

The large consumers, such as Sir Armstrong Whitworth and 
Co., the United Alkali, Wallsend Slipway, Jorth-East Railway 
and hundreds of others, were not prompted in any way by senti­
ment to take bulk supplies, but that they could obtain current 
cheaper than they themselves can generate on loads which would 
give good load factors. It may be said that two stations could 
have turbines of equal steam consumption, but without the exact 
same conditions their costs cannot be the same. 
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DISCUSSION. 

l'v.In . LAwsoN : Gentlemen, I am sure we have all listened with 
great pleasure to Mr. Taylor's paper to-night. He has taken us 
altogether away from local engineering, but yet it brings to our 
mind, a paper that we had some time ago here by Mr. Edmiston 
on the question of establishing the power stations of the Metro­
polis at Collie. It does not se m very far away-lOO miles­
when we see the large area which is dealt with by this one com­
pany in England. This particular combine or trust seems to 
have had an entire monopoly in the district in which it ha work­
ed, and moreover it seems to be particularly fortunate in having 
a district where there is not much waste heat available for power 
users, but, it is of great interest to us to see what can be done in 
the lines of long transmission. There is another thing which 
appear to u , namely the difference between a commercially run 
plant in the class of buildings and poles put up compared with 
what we are putting up in and around Perth. The sub-power 
stations in the Old Country do not compare altogether favourably 
from an architectural point of vi w with what we are erecting in 
and around Perth, and if they were putting up the same stations 
now they wonld probably put them up more on the lines on which 
we are putting them up here. I am sure we are deeply indebted 
to Jlfr. Taylor for the paper. 

MI. BBoADilK~T: The sub ject itself appeals to m Yery much 
indeed, especially this North-East coast generating station. I 
had the p leasure about l m nths ago of se ing the reality of the 
applianc s that :Mr. Taylor has been good enough to show on the 
slides to-night. llh. Taylor ha displayed a great d a) of thought 
in his paper. \\'h en we have time to look at the whole scheme 
we shall be able to discuss this paper. There are no figures as 
regards runnmg costs there, so there is not much to pull to 
pieces . 

..Yln. TAYL()U: T am surc it has been quite as much interest to 
myself as it has b en to you, but the trouble in connection with 
a ubject of that kind is to confine oneself to detail. I could 
have given you costs and figures which would have set the place 
in an uproar, but just at the present moment, il1 view of certain 
conditions in and around the City, 1 do not think it is advisable. 
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ARBORICULTURE AND ITS RELATION TO MUNICIPAL 
E IGINEERING. 

BY H. C. 0AS'l'ILLA. 

In matters connected with all work of the Engineers, general 
recognition should ba given to two main factors, or perhaps one 
factor with two adjunct , viz ., efficiency, with which should go 
hand in hand with economy and. health. 

To the ordinary observer the idea that Arbo1iculture should 
have any bearing in this respilct on Municipal Engineering may 
appear whimsical, and even to the Engineer, who has not made 
municipal work a study, it may appear far-fetched.. and yet from 
my own somewhat limited observation I am convinced that a very 
strong case may be made ont for the proper planting of trees, not 
only in streets but also in gardens adjacent to them. I have 
consulted numerouE text-book on the subject of Municipal En­
gineering, but beyond mere passing references to tree-planting, 
in none of them h~-.ve I found. any importance attached to the 
proper selection of trees owing to their effect on works. 

At the outset I must confess myself largely ignorant of Arbori­
culture, but as an observer and Engineer I am convinced that 
greater a,ttention should be ·given to this art in its relation to 
Municipalities and more especially by the Engineer. As a rule 
the Engineer trusts to the civic garden r to select the tree, and 
that official does so, as a rule, regardl ss of the bearing on Works 
or even of Health . I am aware that the id.eas I am expressing 
will be scouted. and regarded by many as absurd, but I think I 
will at least convince ·my hearers that the subj ect is worthy of 
study. 

A short time ago I had a conversation with a gentleman on 
the subject of Arboriculture. he being an authority on the subject, 
and sought his advice as to the most suitable trees. We did. not 
agree, as I could not induce him to consider my side of it. to wit, 
the Engineering, and the strongest argument he could adduce was 
that it was not done in Victoria, a fact of which I was perfectly 
aware, fo r I know of no place where mis-selection in tree-planting 
is, or was, in greater evidence than in the suburbs 0f Melbourne, 
and, o far as I can hear, in the country towns of Victoria gener­
ally. This matter is receiYing greater attention now, but at one 
time the mischief done by unfit trees must have been incalculable. 

The object of tree-planting in our streets are twofold- deco­
rative and for shade, the latter being sup rfiuous in ,,;.nter, if not 
unhealthy. I contend that in our narrower streets, at any rate, 
the tree should be deciduous, not merely on the score of health 
to the individual, but also to the road and footway, which require 
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sun in winter and shade in summer. As to the human being: 
There is an Italian proverb which says, " Where the sun cannot 
penetrate the phy ician will," and the non-deciduous tree has a 
way of keeping sun and light out of our houses to the detriment 
of health. "Absurd !" I can imagine some people saying, and 
yet is there not reason in it 7 And again, ju st at the t ime of the 
year when the sun should be playing on ou r road.s and footways 
the evergreen tree preYents it to t heir detriment, as the friction 
occasioned by traffic, combined w'ith uneYaporated r:wi ture causes 
undue attrition. 

So much for the effect on health of both humans and roads. 

A difficulty now arise as to th e selection of tree . ll'hich are 
deciduous and non-destructive. 

At this juncture it may b e asked 'Why i any tree de tructive 
and why a deciduous tree in contradi tinction to an eYergreen 7 
The an wer is that both may be lateral and almost surface rooted, 
and the object of the Municipal Engineer shoul d. be to get a tree 
which seeks its nourishment at depth, so as to a 1·oid the bursting 
up of roads, footways, drain pipes, gas pipes, house foundation s, 
etc. ~ otable in stances of the lateral-rooted Lree are Cape lilac 
a.nd M 01·ton Bay fig . In r gard to the latter we haw not many 
in e1·id.ence here, though two in a garden adjoining the street in 
which ] live at Claremont have rai cl huge rib in the footway . 
T n the suburbs of Melbourne, howeYer. they were Yery much in 
evi::len ,e. Th e ity Surveyor of Meiboume, Mr. Mountain, showed 
me th doorstep of his house, a heavy granite one, which had 
teen forced about two inches up by th roots of one of these tree 
planted nearly 40 feet away. 

'l'h conclusion I have come to it that lhe non-deciduous tree 
~hou!d. be neglected by the Municipal Engineer, except in ea e& 
where there is plen ty of room, a second l . Kilda Road, in I ort, 
where such evergre n as the red-flowering gum, on a count .of its 
great beauty and also that it an be kept low without detriment. 
The continuous lopping of so many street tree mu t be in evi­
dence to you all, owing to their interference with cables, to need 
any comment from me, and therefore attention hould be given 
also to trees with a r easonable heigh t limit. 

_ ow come the selection of the suitable tree, and thi lends 
itself to investigation, as, although I have b een >Lil observer for 
some considerable t ime, I lack technical knowlesge on Arboricul­
ture . 

·when in office in Perth, on the advice of Mr. Fea.ke , Govern­
ment gardener, I largely used the acacia, and they are now much 
in evi':l.ence in t he east of Wellinoton and 1\funay treets . The 
reRults are und.oubtedly good. They are " ry ornanH'ntal. deli-
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cately coloured, are not too high, shady in summer, tap-rooted, 
and occa ion little scavenging, an important point on which I 
have not hitherto touched . 

For the same reasons, except that of scavenging, the plane 
tree is much to be commended in many respects. This tree i.s 
better than the acacia, it goes deep for nourishment, is tap-rooted, 
in short, does not rob sunound.ing gardens. Often I have heard 
complaints by garden en:.husiasts as to why their hedges are 
failures, and could scarcely induce them to believe it wa.s owing 
to th planting of our native gums in the streets. A neighbour of 
mine whos garden is hi hobby te ted my statements on this 
point by d.igging a trench where his hedg~ failures occurred, and 
prov d the cause beyond all doubt. This is exasperating and 
unnecessary, and prevent private efforts in the beautification of 
our suburbs. 

In conclusion, I must apologi e for the non-technical nature of 
this sketch, but believe it to be important, and beg to commend it 
principally to the con ideration of those of om profe sion who 
specialise in ::llunicipal Engineering, who, although they need not 
be botanists, ought to be in a position to rule what class of trees 
hould be planted, not only in the streets but contiguous thereto. 
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E JGINEERING. 

DISCUSSION . 

.Mu. H.nNES: This subject is more important possibly than 
mos.t oil us are disposed. to think because it does not come under 
the review of a greaJt many_ of our members . There can be no 
doubt to those who have studied the que"tion that street tree 
planting has a very grea.t bearing upon the health of any Oity 
where it is. .Mr. Oastilla did no more than introduce the subject, 
and it i3 doubtful whether we ha,-e sufficient members here to 
exhaust it, but I should just like to say that it need to be 
pointed out that one of the great adYantages of trees to D\)' mind 
is as we all know that while they give off oxygen which we want 
they consume the carbonic acid which we give cf£, and. they cer­
tainly tend very much, to my mind, to elevate the tone of health 
of any thickly populated area. I do not altogether agree with 
Mr. Oastill a on the question that we ought to adopt deciduous 
trees in every case except in very wide streets, because of the 
difficulty in getting suitable tree , and also because of the enor­
mous mess t hey make, and. moreover during our long dry surhmer 
and comparatively short winter, this year excluded, w r equire 
trees that are evergreen. I quite agree with him about the de­
struction of our footpaths and roads, but taking it as a whole I 
think that a study of the . ubj ect in this , tate, and application of 
i t to our towns would be a very di tinct advantage. America 
makes a very special study of it, probably more than any other 
country. Certainly in Europe they enlarge on it very well 
indeed. In America. they lay great stress on the importance of 
universal street tree planting. It is unfortunate, I think, that 
the cities of Western /\ustralia have not adopted it to ;;tny very 
great extent so far as I know. Th ey lo not seem to have taken 
on to it with that seriousncs which its importance demands . 1 
have very great pleasure in asking you to accord a vote of thanks 
to Mr. Oa.still a for his introduction. 

Mn. FAllRAll: Speaking of tree planting, I have in my inind an 
avenue of plane trees which I b li ,.e exists in the Northern end. 
of King William Street, Adelaide, at the inter-section of J orth 
Tenace towards the City bridge. Tho e trees were very bea.uti­
ful, but generally ca.me out 1n the spring time, were a lovely 
green and very shady, but they had this unfortunate weakness, 
the first north wind, and th ey get north winds in Adelaide, that 
came along, you would see almost the whole of those trees de­
void of leaves. Th ey will not ~tand the fierce heat of what we 
might call semi-tropical climate, otherwise I think they are very 
beautiful, but as for planting trees in St. George's T rrace, ex­
eepting perhaps the western end of it, personally I think that a 
mistake in a. Oity. Of cour e they do destroy the footpaths, but 
apart from that in a business thoroughfare, 1 think you want clear 
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v1s1on of wh at is going on on both sides of the road. A large 
avenue, such as is proposed, in the western end of St. George's 
Terrace, where there ar e _many private residences, does not mat­
ter much, but when that portion of St. George's Terrace becomes 
a business thoroughfare, as it undoubtedly will in the course of a 
few years, t rees will be a mistake. P ersonally, although they are 
~'ery beautiful, I think t hey interfer e with the vision. You want 
a. clear view of t he street. 

Mn. FnHNKEL: Inside a town there may be difficulties, but in 
the str eets leading to a town I think there ought to be trees, and 
I cannot see why not plant fruit trees. There is another reason, 
because you can rent these trees to people living along the road 
anrl. get your money back again . If you travel in Germ a.ny, the 
moment you get into Saxony you see eve!·y road planted with 
trees, every kind of t r ee, but all of them fruit trees, rented out 
to the people on t he road, starting at 1/- and going up to 5/-, and 
Municipality gets a good bit of money out of it. They certainly 
make the roads very beautiful, and the men who rent these trees 
sell the fruit to t he wayfarer. If you travel along a road in 
Saxony yo u can go into any house on the road and ask to pick 
fruit fo r an hour. That perhaps costs 6d. It certainly gives a 
view to the street which I have never seen anywhere else, and it 
should be ery nice and shady in t he summer time when we are 
riding along the roads here to get a bit of shade and not these 
dusty roads we have got . 

.Mu. UASTILL-~: I have very little furth er to add in addition 
to what I have aid. I . hould have included some r emarks, I sup­
pose with r egard to the effect upon consumption of carbonic acid 
gas. As r egards the planting of fruit t r ees in the streets, I re­
member at one time t here used to be numerous mulberry trees 
in the ~treets of P erth, but the little boys made sad havoc. They 
may be in Saxony, and I know they are also in J apan, but they 
are well disciplined people in thos places. V·le would have to 
be a generation or two olde~· in Australia. 
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in any of its public• lions. 

POWER FACTOR AND ITS EFFECTS UPON ELECTRICALLY 
SUPPLIED SYSTEMS. 

BY Wn.LIAM I-I. TAYLOR. 

It would. be difficult to find any A.C. supply system that does 
not suffer from the effect of low power factor. A low power 
factor is a source of worry to the operating engineer, besides a 
loss financially to the undertaking. 

Before setting out on the sub ject of power factor it may be 
worth discussing, what is meant by the term used to 
define the conditions brought about by inductive apparatus con­
nected to the system. We will assume that the E.M.F. and 
current conform to a sine law for the pm·pose of this discussion. 

Then, when in phase, the current and. E.M.F. will rise to a 
maximum, fall, reverse and rise to a maximum in the opposite 
direction. At the same time, under the above conditions the 
product of volts and amperes will represent true watts. Usually 
the current will lag behind the voltage, then the product of 
amperes and volts will not Tepresent true watts. The power factor 
in this case is then less than Unity. A wattmeter would register 
hue watts, the readings of an ammeter and voltmeter apparent 
watts. To define, and obtain the power factor of a circuit the 
following procedure could be adopted : · 

Connect an ammeter, voltmeter and wattmeter in circuit and 
take the following readings-

!. Reading=amperes x volts =apJ arent watts. 
II. Reading =wattmeter =true watts. 

True watts 
Power Factor = 

Apparent watts. 
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The power factor is also defined as the cosine of the angle 
of Jag or lead of the current. As circuits invariably suffer from 
lagging power factor these only will be d.iscussed. 

What is the cause of the current being out of phase with the 
pressure 7 The answer is: inductive apparatus and particularly 
induction motors. 

The reasons governing the power factor of an induction motor 
will be followed more clearly ·by referenee to the following dia­
gram, which is, and can be fo und in any text-book dealing with 
alternating current. 

10 /ior se Power c} Pha.se 

lndu clion Molor. 

8 
CURVE A. 

A. 

Let the line BA represent the true power in K.W., BC thr~ 
K. V.A. input of the motor, and AO the wattless componant. The 
portion AE represents the actual power required to ch·ive the 
motor at no load, without pulley belts or a.ttachments. 

The power factor is the cosine of the angle of lag, in this 
case r epresented by the angle AEO. 

Assuming the full load conditions are those given by the length 
of AD, the ~' t and i loads will be given by the full lines 
drawn from the point 0. When the no load conditions are 
i·eached, i.e., the point E, the angle has now become nearly a 
right angle, therefore a very low power factor results. 

The line AO, which is the wattless componant, and being 
constant, is the magnetising current for the stator. This is at 
right angles to the true power, and, therefore, the greater this 
quantity becomes, due to air gap, speed and other factors in the 
design of the motor, the lower the power factor must necessariiy 
be, as this increases the angle ABO. 

From the foregoing it is apparmt that a plain induction motor 
must have a very low power faetor at light load. 

On a supply system the load generally consists of small motors 
ranging from 5 to 25 horse power, the mean would be about JO 
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H.P. As these are used on loads having a low load factor, 
generally not in excess of 50 per cent., it is obvious that for t he 
greater portion of the day the power factor of the system must 
be low. 

The average figur e, where the load. is large, and made up of 
small motor s, ~vill not exceed . 75 and a maximum of .8. 

At first,. it may appear I have given a low figure, but from 
c:Jxperi.ence thes~ are about the usual conditions on a large system. 
The e ff ect which such would have on a power plant i given 'in the 
following example: 

Power Factor on System, . 75 . 
Actual Load on Plant, 3,380 K. W. 
Apparent Kilowatts, 4,500. 

To cany the above load a 4,500 K. V.A. turbine set would 
be required, whereas at "Cnity power factor a 3,800 K.V.A. set 
would suffice. 

The above must not be taken as an absolu te condition, because 
it may happen, and does on large systems, that one or two 
alternators are run to supply the wattless current d.ue to the size 
of the p lant uni ts in stalled in the power house. 

1f it became necessary to instal a further unit in the power 
station at, fo r example. £30,000, because a spare unit is not avail· 
able on the peak load, the question of low power factor would then 
be ver.r vividly brought befo re the notice of the parties providing 
the money. The additiona.l expenditure necessary capitalised at 
l 0 per cent. wou ld represent an increased annual charge of £3,000 
per annum. Thi s .- um wo uld represent the financial effect of 
a low power facto r on thi s par ticular generating plant. If the 
sun1 req uired for plant to provide wattless curr ent could have 
been put into the undertaking profitably and earned 10 per cent. 
instead of losing 10 per cent. , then the management would have 
Cl;nsidered the expenditure \1 isely incurred. Not only i the 
powe r plant the sufferer, but the distributing system is equally 
affected . and. usually costs more before satisfaction is given to the 
consumer. 

To carry a given kilowatt capacity at .75 power factor, the 
current increase is 35 per cent. above that at "C nity Power Factor, 
and if the same voltage regula t ion is to be maintained, additional 
cables wo ula be necessary. To commence duplicating feeders and 
distributors is at all tim es an expensive procedure, more especially 
where these are laid un d.ergroun d, and whe re expensive street 
reinstatements have to be ca rried out. I know of cases where 
to reinstate, including the ex ea vation and the laying of the cables, 
!~as cost the Depar tment £ 1 5s. per yard of trench through the 
suburbs of la rge cities. A simple calculation serYes to bring out 
the eff et on t he cable ystem. For example, we wi ll a. sume a 
load of 1. 500 ki lowatts is to be supplied 2.5 miles from the power 
station at 6.600 Yolts with a 2X per cent. drop at full load. 
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Cable Required to Supply Load at . 75 P.F.-
1(,.500 X 4\,400 X 2.5 

= . 2 sq. inches. 
6,6002 X 2.5 X , 75 

Cable Required to Supply Load. at Unity P.F.-
1,500 X 4,400 X 2.5 

= .15 sq. inches. 
6,6002 X 2.5 X 1 

Two and half miles .15 sq. in. cable, £5,500. 
Two and half miles .20 sq. in. cable, £6,900. 
Extra cost of .2 sq. in. cable, £1,400. 

If it were considered advisable to have duplicate feeders, the 
additional cost would be £2,800. 
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The trunk feeders are not the only portion of the system 
affected., the low tension mains carrying large currents also become 
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overloaded and require strengthening a.t considerable cost. It 
may be put forward that a system will have large induction motors 
running at high load factors, and that my view is pessimistic, but 
I am prepared to prove that for every one 100 H.P. motor there 
are 20 motors not exceeding 19 H.P. running at the same time, 
and not more than 50 per cent. load factor. 

At all times the voltage regulation of a system is a trouble­
some business, and, with a lower power factor it becomes a source 
of worry to the operating engineer to keep the pressure within 
limits, to prevent complaints from customers. 

In the case of rotary converters, the regulation will influence 
these machines, a.nd cases have arisen with rapid voltage fluctua­
tion, these have flashed over on the D.O. side, putting out the 
substation. 

Pulsations may be set up due to line drop, with the result · 
that providing the synchronising current is insufficient a :fish over 
will take place. The line drop is directly influenced by the 
value of the power factor. 

In the case of transmission lines operating at low power factor, 
due to the line d.rop, the carrying capacity is considerably reduced. 
In table 3, with a given line drop the carrying capacity of a 13-
mile line is given. The maximum line drop for good regulation 
has been taken; in act•1a! operation these limits would not be 
reached. 

Table 3. 

13 :Mile Transmission Line. 
. 75 2992 3750 
.80 2948 4000 
.85 2936 4250 
.90 2880 4500 
.95 2728 4760 

1 2160 5000 

Having said so much against a low power factor, it is safe to 
assume that the question would be asked, how can the power factor 
be improved, .and by what means 1 

PoWER FACTOR CoRRECTION. 

To correct for low factor the following apparatus is commer-
cially at our disposal :-

1. Synchronous motor. 
2. Sypchronous condenser. 
3. Rotary converter. 
4. Phase advancer. 
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SvNCHlWNous MoToRs. 

These are in many cases installed on large systems for power 
factor correction. When used for this purpose, it is necessary they 
be specially designed, so far as the fields are concerned, to enable 
them to deal with the large exciting currents necessary for the 
power factor to be varied over a wide range. It is common for 
·such machines to operate with a leading power fac tor of .5 on 
:systems having a low lagging power factor. It must not be assum­
-ed that by installing .a synchronous motor of a size to suit your 
mechanica,l driving requirements, that the sy ·tern will be improved, 
this is not so, unless the machine i.s of such size that it can supply 
the wattless current, besides doing the mechanical work necessary. 

The point arises that by having synchronous mo tors on the 
system for future requirements instea.d of induction motors, the 
power factor trouble will disappear .and we shall have nnity power 
factor for a.]] time. 

Invariably a consum er when purchasing a motor follows his 
own 1deas, and does not consider the convenience of the supply 
authority so far as the power factor is concerned. 

In the case of a synchronons motor, and I am now considering 
the self-starting, self-symchionising type of commercial machines, 
the plant will consist of motor, exciter, ~ta1'ter, and should include 
a power factor indicator. 

A consumer will not install suc-h apparatus and trouble to keep 
the field current ad justed to such a value as required, for the motor 
to operate at a leadin g powe1~ [actor. 

I think I am sa.fe in saying that not one consumer in a hundred 
would entertain the idea, when he can have a plain induction motor. 
So far as the consumer is concerned, it makes no difference to him 
if his motor is loading the main: with wattless current, he pays 
only on the true kilowatts taken. If the load is .supplied from a 
power plant in connection with a manufacturing or private con· 
cern, then the question of installing synchronous machines is in the 
interest of the power plant owner; entirely different conditions 
from those of a power supply authority . 

CAPACITY oF MACHINB REQUIRED l'OR PowEu FACTC·R ConRECTION. 

A simple method of aniving at the K. V.A. of a machine requir­
ed for power factor correction is given in Curve "A." This method 
is used by a well-known English firm , the Lancashire Dynamo Co., 
who make a speciality of self-starting synchronous motors for 
power factor correction. To ascer tain the power factor correction 
by the addition of a ce r tain size synchronous motor, the procedure 
fs as follows :-

On a vertical cale . et off the true kilowatts both for the load 
and synchronous motor, on the horizontal scale set off the kilowatt 
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.amperes at the power factor of the true kilowatts. Join up the 
points A.B., this will give the total K.V.A. of the circuit. 

11atn Loa cl. 

roro/ lf,to .... •tr~ -"'' ..t0 ..,..24~ · C56J 

lr V 19 . & z, S 

P. t= • ·9 

eo-o Sco •coo 

6 

To find the power factor, add the tota.l kilowatts and divide 
by the K.V.A. 

In the case of Curve "A" the power factor will be as under :-
True Kilowatts 663 
- ------- = - - = .9 Power Factor. 
Kilowatt Amperes 735 

The original load was 420 kilowatts at .6 power fact.or, or 700 
kilovoltamperes, the corrected load is 663 kilowatts, with 735 kilo­
vultamperes, the system being improved from .6 to .9, with only .an 
increase of 35 kilovoltamperes. 

If a synchronous motor is to be used for power factor correc­
tion only and to perform no mechanical work, then the size required 
can be obtained from curve "B. " This is similar to curve "A," with 
the exception that the kilowa.tts only represent the losses in the 
machines. By the addition of a 450 K.V.A. synchronous motor, the 
power factor has been increased from .6 to .approximately .89, the 
load of the motor including losses being 40 K. W. · 
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CURVE B. 

In one particular instance of a load of 600 K.V.A. at an assumed 
power factor of . 75, with the addition of synchronous motor of 430 
K.V.A., the power factor could be improved to .94, by operating 
the motor at . 7 leading power factor. This curve also brings ouL 
the proof of the earlier arguments that a machine too small 
would be of no value. 

The B.T.H. Co. have also built some synchronous motors of 
202 K.V.A. 440 volt 40 cycles for power factor conection. They are 
capable of giving an output of 175 B.I-I.P., a.nd at the same time 
supply a leading current equivalent to 140 K.V.A., which is suffi­
cient to neutralise the lagging current taken by 450 H.P. of induc­
tion motors. 
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The curve "D" is useful for obtaining the K. V.A. capacity 
fo r a synchromous motor used a.s a . ynchronous condenser doing 
no work. To obtain the K. V.A. ·apacity the curve is used as 
fo llows:-

If the load on the system, or at the Power H ouse or Sub­
Station is 6,000 K. W. at . 75 power factor, run along the vertical line 
until it cuts the power factor line, read the wattless componant on 
the left for the power factor, in thi case 5300 K.V.A., follow the 
vertical line until it cuts the power factor that the system is to be 
raised to, say .95, the wattless componant fo r this power factor at 
6,000 K. W. i 2,000 K. V.A. 

Synchronous condenser capaci ty required = 5300- 2000= 3300 K. V.A. 

ROTARY Co"vEllTEllS UsED l'Oll FACTOR ConRECTION. 

The rotary converter's field of operation is limited, inasmuch as 
it can only be used when a conversion from A. C. to D. C. is requir­
ed. As i t is a synchronous machin e, it can be adjusted to draw 
current at unity power factor from t he line, or a leading current as 
may be required. The commercial machine is not suitable for 
power factor correction above 10 per cent. ·of its capacity. If 
t here are a number of rota.ry C')nverters operating on a combin ed 
tramways and industrial pov.·er system, t he running machines can 
be operated with the fields over excited to give a leading power 
factor of .95 to .9. With the field further excited, if this is possible, 
the cunent supplied will cause overheating in the slip ring taps 
on the armature. The stabili ty of the machine to remain in 
synchronism would also be lessened, and sa.fe operating conditions 
impaired . 

lNnL"cTio~ MoTons. 
The choice of the speed of induction mo to rs can influence power 

factor considerably. The higher the speed, the better the power 
factor; slow speed induction motors are the very worst form of 
commercial inductive apparatus possible to connect to .a system. 
I have seen a colliery winder operating at .5 power factor, with a 
power factor of only .35, when running up to speed ; the effect on 
the supply system is very severe, such could only be tolerated with 
very large plants. 

Table No . 1 gives the power factors at full and half load for 
various speeds of inductiun motors. 

Table 1. 
Power Power 

Horse Power . Speed. Factor Factor 
Squirrel Cage Motors. Slip Ring Motors. 

10 1200 .9 .84 
10 800 .89 .85 
10 600 .84 .7 
10 480 .80 .75 
10 -100 .75 .71 
10 300 .72 .66 
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T ab le (Continued). 
Power Power 

Horse Power. Speed. Factor. Factor. 
Squirrel Cage Motors. Slip Ring ~Jotors . 

20 1200 .91 . 87 
20 800 .90 .87 
20 600 .86 .82 
20 480 .80 .77 
20 400 .80 .77 
20 300 .75 .70 

5 1200 8 0 
5 800 .88 .83 
5 600 .81 .75 
5 480 .78 .69 
5 400 .70 .65 
5 300 .70 .63 

PHASE Anv AN CEltS. 

Of late great hopes have been set on phase advancers as a 
means of power facto r correction fo r large induction mo tors. 
Successful machines have been put in to service by thf 

Sandycroft Foundry Co., D. G. Kapp. 
British Westinghouse Co., Miles Walkes. 
Brown, Boveri and Co., cherb rum. 

The function of the phase advancer li e in supplying t he magne­
tising curren t to t he ro!:or at the fr equency of the sl ip , resulting 
in reducing t he wattless kilovolta.mperes and improving t he power 
facto r on t he moto r. I do not propose, even if I were ab le, to de­
scribe the various t echnical deta ils of the several phase advancers 
now on the market. T ::> pursue the subj ect I \T ould recommend 
a..nyone to the I. E.E. journals Vols. 50 and 51, in which several 
ar t icles on the subj ect will be found . 

The information given in Table 2 was taken from a We ting­
house phase .advancer when this machine was on test, and give 
one an idea of. t he improvement whi ch it effected on the power 
factor of the mo tor t 0 which it was connected. 

Table 2. 
Total Load on P ower P lant. 

Ampere 
per phase. Volts. Power facto r. 

Advancer, out ... .. . 325 440 .7 lagging 
Advancer, connected 2•10 -l40 .92 leading 

Motor Load On ly. 
Amperes. Volts. P ower factor . 

Advancer. out .. . 105 440 .74 lagging 
Advancer , Ill .. . .. . 97 440 .96 lead ing 
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Three motors were install d at the Royal Albert Docks, pump­
ing water for the Port or London Authority. These were supplied 
with current from the mains of the \V e t Ham Corporation. Each 
motor is coupled to a centrifugal pump for emptying a gTaving 
dock. A the speed of the motors i low, the power factor at full 
load was only . 55. This was found lo be a serious matter, so far as 
the power station and mains were concerned, and when two pumps 
were working, each taking 400 R.P. the current drawn from the 
lin - "a very heaYy. Ph a e advance. were fitted to these 
machines, wiLh the r . ult that they now run with a leading power 
factor of .96. The IHttless current drawn from the line was reduc­
ed by 85 per cent. due to the installation of the phase advance1·s on 
these particular machine . Her again with ron umers' motors, 
they will not go to the expense of in talling phase advancers on 
large motors for the convenience of the upply authority, when a 
plain induction motor will an w r their r quirements. These I hase 
advancers were put in by the Corporation, and at their expense. 
A phase advancer is at a di advantage for power factor correction, 
ina much a it only improves the power factor on the particular 
motor to which it is connected, and not the sy tem generally. With 
this disadvantage I cannot ee but that the field for phase advan­
cer mu t be limit.ed to specific cases. 

Co~JJENst:n . 

Very lillle ha s be n done by mean of st.atic conden ers al­
though they have their advocate. . At the present time they have 
not come commercially into the fi ld of competition with synchro­
nou machine and phase advancers. 

G};~}mAr. . 

Wher he current is supplied by a company or other authority, 
I would uggest that some arrang ments be made with con. umers 
having synchronous motors, or any molar drawing current at unity 
power factor from the mains, that such consumer be charged a 
lower rate than the con umer drawing current at say . 75 power 
factor. In other words, charge for the k1lovoltamperes supplied, 
and not kilowatts. If some such means were adopted I have no 
doubt that engineers having large motor in tallations would avail 
themselves of the lower rates by installing synchonous motors. 

In conclusion, I would state that the use of power factor 
meters cannot be too erion ly considered, and by in tailing such, a 
check on the system can continua.lly be made, and one of the great 
evils of A. C. working be kept in hand and remedied before the 
effects are only made evident by the requirements made for plant 
and mains. 



POWER FACTOR AND ITS EFFECTS UPON ELECTRICALLY 
SUPPLIED SYSTEMS. 

DJSCUSSJON. 

MR. G.mDAM: It is not to be expected that individual consumers 
will bear any expense in improving the power factor of a system, 
for the reason that it should be borne by all of them, a.s all are 
indirectly benefited by a reduction of station costs, but the Govern­
ment scheme is fortunate in having itself as a big consumer and 
should be able to instal, in such places as suited their re­
quirements, synchronous motors to improve the power factor. 
In Sydney much power factor connection is obtained by synch­
ronous motor generator sets in stalled in sub-stations for the supply · 
of direct current in the entire of the City, and for this and many 
other r easons, it is a pity that Perth did not retain the 
D. C. system for the centre of the city. In systems where 
the the day load is light, that is where lighting forms 
the bulk of the load, the effect on capital outlay due to poor 
power factor is not Eo serious as in a supply consisting mostly of 
power load, for n.t the time when the P.F. is at its lowest, there 
is plenty of plant available to supply the wattless load, whilst at the 
time of the heavy load the power factor becomes more reasonable 
due to the preponderance of non-inductive load. We are much 
indebted to Mr. Taylor for bringing this interesting subject for­
ward, and I have much pleasure in proposing a hearty vote ot 
thanks for so doing. 



SO~viE PRACTICAL PHASES OF GYROSTATIC ACriO r 
IN ENGINEERING. 

BY PnoJ'ESSOR A. D. Ross. 

Gyrostatic action enters into many problems m practical en­
gineeriLlg and the general nature of its effects are fairly well 
known . But while its study in ·a qualitative manner is taken up by 
most engineers, a quantitative determination of its effects in par­
ticular cases is rarely made. This is doubtless due to the abstruse 
ness of the usual mathematical t reatment of the subject which is 
based on the Lagrangian method. As a result the great physical 
interest of the problems has been obscured, engineers !uwe neglect­
ed them, and the magnitude of the couples called into play in 
gyro ta tic action has in some cases been greatly over-estimated 
while in others it has been underrated with disastrous results. 

It is possible in many cases to calculate the gyrostatic couple 
without recourse to the advanced mathematical methods used by 
Kelvin , Routh and other.. There is a comparatively simple vector 
method which suffices to derive the formula nece sary in most en­
gineering problems in gyrostatics, and in this paper I propose to 
give an outline of the method and a reference to a few problem. 
which come under it. 

At the outset it will be well to establish a theorem regarding 
rotating axes which is not so well known as its wide range of 
application certainly warrants. 

Let v (Fig 1) be any vector quantity associated with the direc­
tion of the axis 0 X, which axis is turning with angular velocity 
N towards the instantaneous position of the axis 0 Y, an axis which 
remains at right angles to 0 X. Then in a very short interval of 
time t. v, will have turned through a small angle NT, from the 
initial position 0 Po to the position 0 P, There is now a com­
ponent P0 P, of the vector quantity in the direction 0 Y, and if the 
angle P0 0P, is very small we may write P0 P,=v sin (Nt)=vNt. 
Since then vNt is the growth of the vector quantity in the direc­
tion 0 Y m time t the rate of growth is clearly vN. 

y 
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It is to be observed that there is no change in the magnitude 
of the vector v; there is only a change in its direction which gives 
a rate of growth of this quantity in the direction 0 Y perpendicular 
to the axis OX. The case is exactly analogous to the acceleratim. 
towards the centre possessed by a body moving with uniform speed 
round a circle. The velocity of the body is changing in direction 
a.ltlwugh not in magnitude. 

Conversely, if a rate of growth vN of a vector quantity v is 
required in the direction 0 Y it may be supplied not by a change in 
the magnitude of such a quantity, but by the rotation of v at rate 
N towards the instantaneous position of 0 Y, 

Let now 0 X. (Fig. 1) represent in plan the direction of the 
axle of a gyrostat. Let I be the moment of inertia of the fly­
wheel about the axle, and n the angular speed of the wheel. Then 
In is the angula r momentum or moment of momentum. Let now 
forces be applied in a vertical plane to the axle of the gyrostat so 
as to tend to cause rotation of the a.x le in a counter-clockwise direc­
tion as seen by an observer looking horizontally along the lin<o 
Y 0. Then 0 Y is the couple-axi . Let C be the magnitude of this 
couple tending to rotate the ax le of the gyrostat about the axis 
0 Y . Then C is numerically equal to the rate of growth of angular 
momentum about OY. ow if N is such a quantity that C= (br)N 
then this required rate of growth C of angular momentum about 
0 Y will be supplied, not by the axle of the gyrostat tilting from 
the horizontal plane, but by the axle 0 X turning in the horizontal 
plan with angular speed N lowards 0 Y, This motion of the axle 
Rt rate N is called the "precession ." 

Similarly, if a flywheel of moment of inertia I and angular 
speed n has its axle turned at angular speed N about an axis OZ 
(perpendicular to the plane of the paper in Fig. l) from the po i­
tion 0 X towards the position of OY, an externally applied couple of 
magnitude C = InN must be supplied ab0ut the axi OY to balance 
the gyrostatic action. In applying this 1 rinciple due regard 
must be paid to two points, viz., the directions of the axes and 
the uni ts. The spin-axis 0 X coincid.es with the direction 
of the axle of the flywheel and is drawn from 0 towards that side 
from which the rotation of the wheel appears counter-clockwise. 
Similarly, the couple represented by the couple-axis OY is such 
that, observed from Y in the direction Y 0 it tends to produce 
counter-clockwise turning about 0 Y . Moreover it will be observ­
ed that the precessional motion is such as to make the spin-axis 
mov towards the instantaneous po i.tion of the couple-axis. 

As regards the units to be employed, the equation C= hr.N is 
adapted to absolute units. If for C we write Fd where F is either 
for •e of the couple, and d is the couple-arm, then F mu t be in 

poundals, d in feet, n and N in radius per second, and I in lb. -ft. 2 
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units . Adapting to engineer's units, viz., F in lbs. weight, and n 
and N in revolutions per minute, we have the equation transformed 
to 

4,.• InN InN 
F.d = ---- = --(approx) 

32.2 X 3500 2940 

The above form ula enables the magnitude of the gyrostatic ac­
tion to be calculated. We sha.ll now consider its direction in a few 
special cases. 

In a motor car the spin axis of the flywheel is drawn to the 
rear (See Fig. 2) . If therefore the car is steered to the left round 

a corner, the 1otation of the spin axis is counter-clockwise as seen 
from above, and hence the couple axis is drawn upwards from 
the car. The precession is therefore such as to tend to 
turn the car counter-clockwise as viewed from the right. 
Hence there must be an increased pressure between the ground and 
the front wheels and a diminished pressure at the rear wheels 
which might result in skidding of the driving wheels. On the other 
hand steering the car sharply to the right would reverse the effect. 
and the diminished weight on the front wheels might tend to a.ffect 
the steering. Similarly, when a car is running over the highest 
point of an arched bridge there is a tendency to swerve to the 
right, and when at the lowest point of a sharp dip in a road there 
is a tendency to swerve to the left. 

The gyrostatic action of the wheels themselves o~ a motor car 
or locomotive is comparatively small as compared with the other 
forces on such bodies, but it is to be noticed that the action is such 
as to diminish the maximum speed at which the body can be 
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driven round any given curve without capsizing. The gyrostatic 
action is of greatest moment in the case of light structures with 
relatively heavy rotating mechanism driven at a high speed, such 
as one has in aircraft. 

In the case of the turbines of ships the gyrostatic action is not 
of any great importance, provided the holding down bolts of the 
rot.ors are kept tight. A simple calculation will show this. Taking 
the case of one of the turbine Cunard liners, we have three rotors. 
The rotor on the central shaft has <t mass of about 4{) tons and a 
radius of gyration of about 3 feet, giving a moment of inertia I of 
40 x 31 =360 in ton-ft~ units. For the rotors on the wing shafts we 
have the mass 80 ton and radius of gyration 4 feet in each case, 
giving I as 1280 ton-ft.:l units. Th e axis of rotation of each rotor 
being fore and aft, gyrostatic action cannot be set up by rolling 
of the ship, but only by pitching or by the vessel being steered to 
port or starboard . Take the case of pitching as that in which the 
precessional motion is fastest. If the pitching has, say, an ampli­
tude of 6 degrees in a period of 6 seconds, we get, assuming the 
motion to be of simple harmonic na.ture, a maximum angular 
velocity N of 1271' (6 x 57.3) radians per econd. And, since the 
speed of itll the rotors is 200 r evolutions per minute, 11= 40071' / 60 
radia.ns per s cond. Hence the maximum gyrostatic couple as giYen 
by the formula C=.lnN is 92 for each wing-shaft rotor and 26 
for the central rotor, the numbers being in ton wt.-foot units. If 
we divide these numbers by the distance in feet between the two 
sets of holding bolts of tb turbines, we get the shearing force in 
tons weight on each set. Clearly the forces, although reversed 
every three seconds, are not of a magnitude to influence the size 
of bolts necessary nor to cause any danger provided the bolts allow 
of no play. 

The only matter requiring furth er investigation is the question 
whether the alternating stresses could th rough coincidence with 
the free-period of the structure produce da.ngerous vibrations in 
the shafting or in the framework of the ship's hull. The rotor o~ 
the turbine a,nd its connected shafting form an elastic structure, and 
any tmn. verse fiexural wave will run along the shaft and undergo 
reflection at the first bearing. In view, however, of the lateral 
stiffness of the shafting and of the rotor, it seems impossible th >1. t 
synchroni m could occur between the period of transverse elastic 
vibratiou and that of the pitching. We hare therefore to consider 
only the effect of the gyrostatic stresses on the ship as a whole . It 
is to be noticed that the wing-rotors rotate in opposite directions 
and therefore balance one a.nother except as regards alternatiw 
internal stresses in the intervening fra.me work, altemately com­
pressing and elongating the transverse portion forward, while the 
aft portion is alterna.tely elongated and compressed. The net effect 
however on the entire hull is that of the central rotor. The frame­
work of the hull, like a rod free at both ends, has for its fundit-
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mental mode of transYer3e vibration two nodes, for its next har 
monic three nodes, and so on, the frequencies being in the ratios 
9 : 25 : 49 : 81 : etc. Since in a transatlantic liner the fundamental 
vibration would probably have a period less than a second, there 
seems no likelihood of resonance effects of any importance through 
gyrostatic action. 

In conclusion, it may be interesting at this time to indicate 
the gyrostatic effects in the ca·se of a, rifle bullet or shell. These 
elongated projectiles are, by the rifling of the firing -piece, given 
a rapid rotation about the axis oi figure. This rotation gives the 
axis of the projectile a quasi-rigidity which results in its gradual 
angular separation from the tangent to the curvilinear trajectory. 
The rifling of a service rifle is left-handed, and so the spin-ax t 
of the bullet is directed towards the rear. As the direction of th e 
motion in space becomes less inclined upwards, the air resistance 
comes to act most strongly just under the apex of the bullet (See 
Fig. 3). There is therefore a rotating agency in the counter-

clockwise direction as seen from the right of the path of the bullet. 
The couple-axis is therefore drawn towards this side, and as the 
spin-axis moves towards it the point of the bullet deflects towards 
the !eH. As the bullet can move with least resistance in the direc­
tion of its apex, the vertical plane of the trajectory is deflected 
towards the left, causing a lateral drift from the plane of depar­
ture. Ordnance being rifled in the opposite direction, shells drift 
towards the right, the amount being about a yard in 1000 yards 
range, and increasing rather more rapidly than the square of the 
range. It is not, however, to be imagined that the shell finally 
strikes the ground with its axis tilted upwards at the same inclina­
tion as the line of departure from the gun. When the shell deflects 
to the right the new gyrostatic couple due to excess air pressure 
on the left side will lower the axis of the shell, and in addition we 
have complicated effects due to air friction and viscosity. 



EDUCATION AND ITS CON ECTIO WI'l'H THE REAL 
PROBLEM BEFORE ENGINEERI JG SOCIETIES. 

BY ALFRED TOMLINSON. 

Do we think the lawyer or the business man or the man in 
the street has a.nything like a true understanding of the Engineer 
~nd his ideals 1 Wie are quite sure in our own minds that their 
ideas on this subject are far from the truth. We often meet 
persons who might be expected to know better, who can be con­
vinced only with d.jfficuity. that engineering is a.ny more than 
surveying; that railway engineering is not merely another name 
for plate-laying; that sanitary engineering does not mean 
plumbing. 

It appears that Engineers in the eyes of the public are "but 
hewers of wood and drawers of water, " men of low degree. Do 
we need anything different, do we require the higher approval of 
our fellow man 1 Some of us, perhaps, are not interested. With­
out doubt the general attitude of the engineer is one of indifference 
in this regard, and so the misconception is allowed to remain to 
the detriment of the Engineer. If this condition is to be changed, 
how can it be accomplished and who should attempt it 1 It has 
been said that this is a live problem b fore the Engineering 
Societies, at least, of the British Empire. 

According to the Institution of Civil Engineers, an Engineer 
";i s one wlho directs the great sources of power in nature to the 
use and convenience of man." If the Engineer is really deserv­
ing of t he name he will be engaged not only iu- doing this work 
but in doing it effi ciently and economically, so that it is now 
usual to add to the above definition the following: " One who can 

d,b for one dollar what any fool can do for two." These two 
definitions, taken together, give a fairly complete characteri sation 
of the Engineer; but in interpreting them we must not fail to 
take into account that human nature i~. not the least important of 
"the sources of power in nature." 

We know that the Engineer is a student of natural science, 
a trained thinker and an experienced Applied Scientist. 

The work of the Engineer differs in a very important r espect 
from that of some other professions. The Doctor, in most cases, 
fights single-handed for the health or life of his patient. The 
Lawyer usually conducts his case indep ndently, and for the sole 
benefit of his cl ient. The Engineer, howe.ver, can do little or 
nothing by himself, and only rarely for an individual. His work 
is done in groups or gangs, by gangs and for gangs. Thi may be 
one of the causes for the pr vailing misconception that we are 
but workers in stone and in .vood. 
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Now, Engineers do not speak or talk about Engineering except 
to themselves, and in their own language, and so the question 
might be asked a~·e we a tribe 1 Undoubtedly we use peculia1; 
terms and expressions, and evid.ently we suppose, and this appears 
to be our characteristic, that it is our business alone to talk about 
engineering, a.nd so nobody else does. We are left alone. Doubt­
lessly in time some explorer from outside will discover us. At 
present we are unknown. Those outside us recognise that we are 
different from them. The argument, then, is that wc must be 
inferior or superior to them, and naturally we a~·e looked upon 
as being inferior. 

One of our functions should be to guard ourselves. Those 
entering the profession should be protected. Yet we do not take 
the trouble to fight so as to enlighten and conect. We have 
a good excuse for this indifference, it may be tribal pride, for our 
work is usually very variable and interesting, and we are so busy 
with it that we have little time and energy for anything but our 
work. 

·• Again, to use the words of Professor Haultain, "we 
take the trouble neither to dress nor speak the part." 
To the public mind "dignity and learning," "valour and status" 
are respectively intimately associated with "wig and gown" and 
"uniform and decorations," for they convey the fact plainer than 
any words, that the man within is of high worth and status in 
the general scheme of things. However, dress, I am afraid, is 
denied us. We are so young-characteristics hallowed by t ime 
are not for us. Publicity of some kind we need, perhaps, more 
than anything else. It is certainly essential for our welfare that 
those not of our tribe, society or profession-call it what you 
will-should know what " manner of men we are." We must 
exhibit the man, and with him his methods and ideals, and, being 
understood, the man will be known to be of high worth in the 
general scheme of things, and of high degree. Th e ordina-ry 
methods of publicity either offend us or are not for us. 

The real problem before us, before Engineering Societies, is 
to find suitable publicity. 

I have a solution to offer to this problem. Briefly it is to 
be found in Education. At the present time the "ordinary train­
ing and. education" does not enable and so prevents the work of 
Applied Scientists or Technologists-like Engineers-being under­
stood. There is no doubt many of the most prominent Englishmen 
understand nothing of those Sciences which are transforming all the 
conditions of civilisation. It is believed that this is the real cause 
of the misunderstanding between Engineers and those outside the 
profession, and. only a universal training based on scientific 
methods will be of any real use to us, the contention being, of 

*The author has quoted freely from a paper in "The Weilder of the 
Weapon," by Prof. Hauliain, of Canada. 
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course, that then the public will be able to realise what "manner 
of men we arc." Hence it is necessary for our \velfare that the 
training of our young people should be on a different basis. 
From quite a different standpoint to this, others maintain that 
a change in the present educational methods is essential for the 
welfare of the race. The matter may then be considered to be 
very important in all ways, and it is now proposed to look into 
it generally. 

At the outset it must be understood that the remarks are 
particularly directed against the system at home in the British 
I sles . Out here in Western Australia Lhe educational outlook 
m certain directions is comparatively satisfactory, although 
in the actual training there are perhaps too many 
pupils per teacher, and again, teachers are badly 
paid. The influence of our University is in the right 
direction, and this is because it is not hampered by being saturated, 
as in the older Universities, with what may be termed "orthodox 
or traditional culture," and thus, to give only one example, does 
not insi t on feeding the minds of the young on the dry husks 
of dead languages. 

It has been usual to leave the elementary training of our 
children--the all-important preparation fo r their future- wholly 
in the hand · of the don anc]. the schoolmaster. 'fhrough this 
apath~· of parent. and lack of public interest too much has been 
left to chance, and, as might be expected, onr racial character­
istic-mudcUing through-has not given the best result 
It is maintained that the present ordinary education is, to say 
the least, unsatisfactory and unsuitable for modern needs. 

A well-knJwn English Scientist r ecentl~r said "that if the British 
ation r eally wished to become leader m th World's Work it would 

have to scrap its present methods of ed ucation and t ach science 
instead of cla sics, knowledgt: instead of accomplishments." 
Thereupon the dons and schoolmasters in England, who have been 
rath er out of the lim elight of late, aro .·e in their might and in 
the newspaper co lumn s proved that the glory of England was 
bound up in Latin grammar and rooted in Greek particles. 

'rhis is very interesting indeed .. for. a. a matter of fact , the 
battle Scienc~ v. Classics, was fo ught and won by the Scientists 
about 50 years ago. 

It mu st be remembered that up till the middle of the nine­
teenth century fifteenth c ntury ideals pre> ailed ; and these ideals 
were saLurnted with mysticism. Knowledg waf; hardly to be 
desired lest the charm of mystery should be lost, and cience was 
not welcome since it laid bare many fallaci s. Science in the 
temples of medieval learning was considered to be a defilement. 
The learned professions of Law and Theology r.lid noL deal with 
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materials, and even Medecine was unpractical. Why was all 
useful work tabooed 1 Was it a relic of feudal tyranny 1 

In this atmosphere laden with the blinding dust which the 
devotees of the old traditional culturist school had raised. a few 

' d , 
sou1s ma e an attempt to fan and clear away the obscuring haze 
or fog. Briefly, it was shown by Huxley that "education is learn­
i~g or acquiring a knowledge of th<:: rules of the mighty game of 
life. These rules are not written in Latin or Greek or any par­
ticular language : they are only to be understood by a stud~ of 
the laws of ature. That the only true education is the endea­
vour to train the intellect to the understanding of things and their 
forces, and to fashion the affections and will into a real desire to 
live in harmony with Nature's laws. Therefore, science­
organised knowledge-is the basis of all real education. Classics, 
although desirable, are not of primary importance." Others 
contended. that the controversy as to the relative merits of 
science and the classics in ed ucation missed the mark by placing 
the emphasis in the wrong place. It was argued that the method 
rather than the subject was of supreme importance. 

Anyhow, the scientist.s left the dons and schoolmasters scienti­
fically strafed. 

Then the men of science returned to their laboratories and 
expected that the political undertakers would come along and 
clear the field. But politicians were then much as they are now. 
Nothing was done. Th e dons and schoolmasters laid low and 
said nothing, and continued in their evil ways with but few 
real changes up to the present time 

If you look at the lists of the heads of the colleges and public 
schools at home you will find-very few science men amongst them. 
Science is still considered to be of secondary importance. This 
is further emphasised by an examination of lists like those of the 
Civil Service. 

At first sight it does appear strange if the men of science 
were victorious in the educational battle that nothing really ever 
came of it. ·However, the explanation is, I believe, a. simple 
proposition of politics that it takes the masses, the faithful who 
cling to famous watchwords like "wait and see," many genera· 
tions to make up their minds that we want a new world if we 
are to have any world atall. For only a n w-educational world 
writh new ideals will be of much service to us. Huxley and 
others only finished the argumentative part of the busin ss; the 
practical destruction of the old and the building up of the new 
requires the backing of the people-necessitates great political 
physical strength. 

Without doubt, the training, particularly in secondary schools, 
is as if all average boys were proceed~ng to take classical studies 
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at a University, a.nd preparing to be clergymen and schoolmasters. 
Medieval ideals are still adhered to . 

The dons and schoolmasters at home ar e no w asking for a 
new trial with a new jury. 

The Pur and the Applied Scientist believes that the basis of 
educational method should. be th e " idea of l;arning by doing." 
As Engineer·, this fundamental idea is very familiar, for it is 
the basis of our technological training. Eye and hand are brought 
into action to direct, deepen, and vivify the mental impression . 

K ow, the average boy cannot ta.ke to abstract rea. oning- to 
him ther is something unreal abo ut it all- and he is called tupid. 
Is it not absurd to call a boy tupid because he flnds the st;udy 
impossible ~ It is obYious to all excep to the teacher who i 
gene ra lly perm eated with orthodox cul ture, that there must be 
something amiss with the method of presentation of the subject. 
Is it likely that a boy can get real mental training through any 
subject of study unless he is interested in it ~ Why not do away 
with the artific ial atmosphere and interesc him whenever 
possible, in the laboratory or " do i t yourself" methods- that is, 
acq uain t the boy with real or concrete things first , and afterwards 
proceed to ask him to reason about them. In other words, ther e 
must be more doing things with the hands and le s droning over 
books. 

At some future date perhaps you will allow me Lo give more 
detail · of the working out of this Applied Science method. 

It is contended that in the orthodox, t he classic, to which 
must be ad.ded the old scientif1c method- there is the danger of 
the abstract, and the study of the abstract is the path that leads 
to acceptance . and absorption on faith rather than by proof. 
Now Science, particularly Applied Science, because it i applied 
essentially must be concrete, and, as is now agr ed, must be 
taugh t by the expenmental " learning by doing" method. liy 
this experimental method , in the laboratory, the student, by his 
own effort and. observation, acquires unconsciously the Scientific 
Method of thought. H e learns the Yalu e of truth as e tablished 
by him self, which must be ever greater t han that taken on faith 
from som eone else. This is the essential difference between the 
Scientific and the Classical Method. 

"Scientists" aim for " truth and verification, " and " the classi­
cals" :live :on " faith and precedent. " It is not s~.<ggested, of 
course, that th e " classicals" can do anything else. 

What is contendecJ., however, i , fir stly, that the result of a 
classical t raining doe not fi t in with t he general sch ~rne of things 
nowa.days, such as practical requirements necessary to enable one 
to live. A century ago the classical method, perhaps, was alright, 
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but not nowadays, owing to the enormous changes in our mode of 
living due to industrial developments. And, secondly, the 
scientist maintains as a principle that the boy should continu e to 
train within reason, in the same natural way as he d.id during 
the first two years be was born, that is, by the " learning by 
doing" method. 

Have you given thought .to the wonderful truth that the baby 
i$ its own schoolmaster during the earliest years of its life a,nd it 
never apparently has a better~ If you watch a baby you soon 
come to th e conclusion that the baby works on similar lines to 
the scientist. If you give a baby a biscuit, it cannot at fir st 
find its way to its mouth; it jabs the biscuit in its eye, but it 
proceeds by practical experim ent to control its muscles in accord­
ance with the laws of Nature, and ultimately attains its object, 
the way to its mouth ; it afterwards sleeps, and perhaps dreams, 
ancl, stores up energy for new victories. In the same way wa.lk­
ing aJld talking are mastered by the scientific baby on scientific 
principles. It appears to me that the amount of real hard self-

educa.tion 'that a baby does in the fir st two year s of :its life is 
remarkable. Th en it falls into the hands of the loving and un­
scientific parent ,and the bright outlook of its career is general ly 
further darkened by the orthodox schoolmaster. 

Now, as Engineers, we are djrectly concerned in this question 
of the right kind of ed ucation and training. 'l'he matter i of 
great importance to us, quite apart from the necessity for an 
alteration for the welfare of the race in general, for it is main­
tained that "education with scientific methods as the basis of it" 
is the solution of the problem before Engineering Societies, the 
question of publicity, the question of our welfare, and so we must 
exert all our influ ence to bring about the change which should 
have taken place long ago. 

When a training or knowledge of scientific method is in sisted 
upon in our educational sy tem, then the Engineer and his ideals 
V~-ill be truly understood by all-by the lawyer, the business man, 
and the man in the street. The Schools and -niversities will 
then be looked upon as laboJ atories instead of libraries. But it 
is no use preaching or working. The argumentative educational 
battle was won long ago, although the "pros and C'ons" are now 
somewhat different to then . The practical busin ess of shifting 
the orthodox methods from their dug-outs and trenches will want 
something stronger than words, even if they are high explosive 
words. The rooting out requires the bayonet of the "man in the 
street." 



RANGE-FINDING. 

BY PnoFEsson A. D. Ross. 

The importance of accurate range-finding in modern warfare 
cannot be over-estimated. The cost of ammunition and the com­
paratively short life of heavy guns alone make it desirable that 
every shot should tell. And since the development of aviation has 
rendered the secret movement of troops impossible, there is no 
opportunity left of a surprise attack unless gun-fire can be opened 
unexpectedly without the firing of a series of range-finding shots. 

Early types of range-finders depended either on the variation 
with distance of the apparent (angular) size of an object of known 
dimensions, or upon the solution of a t riangle as in surveying. The 
former type was unsatisfactory in practice, owing to uncertainty 
(perhaps 6 to 8 per cent.) as to the true size of the test object­
usually a man- and also owing to the actual difficulty of finding 
such a visible object at the enemy's position. Modern range-

-finders have d.eveloped from the second type, the developments 
being remarkable in t he extreme shortness of the mod.ern base and 
t he accuracy with which the base angles are measured. 

In all range-finding methods now used and depending on the 
soluti on of a triangle, one of the base angles is a right angle. 
'fhus in depression range-finders, such as are used on elevat ed 
coastal forts, the base is the known height of the fort and is per­
pendicular to the surface of the sea. Mea.surement of the angle 
of depression of a distant ship below the horizontal plane gives (as 
its complement) the other base angle, viz., the angle between the 
base and the line of vision. 'fhus the triangle may be solved 
As a ship 10 miles distant from Gibraltar is seen from the top oi 
the rock, } ,408 feet high, at an angular depression of about a 
degree and a half, the range ca.n be found with considerable ac .. 
curacy, an error of 10 seconds in the angle giving an error of only 
some 30 yards in the range. 

It is evident that this method is exactly simi lar to that in which 
the distance of the enemy's trenches is det ermined by meaguring 
at the gun station the angular elevation of a.n aeroplane passing 
ex1.wtly over the enemy's position at a known and pre-arranged 
height. It will also be seen that this method can be used in cases 
where undulating ground or intervening hill s hide t he enemy's 
position from the artillery base, provided, of course, that the line 
of vision to the elevated aeroplane clears these obstructions. 

The principle of the mekometer and the telemeter is similar to 
the above, except that the plane of the measured triangle is hori­
zontal instead of vertical. In the mekometer method two small 
instruments are used, each measuring about 4in. or 5in. x 3 in. x 
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2in., and weighing rather less than 3lbs. One is an optical square; 
the other is similar in principle to the box sextant, only, as the 
base is a fixed length and the other base angle is 90%, the measur­
ing mekometer does not give on its scale the size of the base angle, 
but the range in yards. The base is formed by a cord, 25 yards 
long, connecting the two in struments. Th cord is of hemp, cover­
ed with silk and a paraffin wax preparation to withstand damp. 
This protection, however, is unsatisfactory after some service, and 
the re ultant errors in the r eRdings a re rather large. 

The telemeter is a som ewhat more elaborate instrum ent mount­
ed on a tripod stand. The base-lin e is measured by the in strument 
itself by setting out a shorter subsidiary base. But for the t im e 
taken to secure measurements, the telemeter would be a highly 
efficient mstrument. 

Both mekometers and telemeters have however, a serious defect 
in so far as they are two men range finder s. There is always a risk 
that the t wo observers will not set on the sa.me object, and, in 
view of the precision required in range-finding, it is essential that 
the instruments be set not only on the . ame obj ect, but on the 
same part of the same object. Accordingly one-man range-finders 
have come increasingly into favour despite the fact that they neces­
sarily use an extremely short base-line. This difficulty has beet. to 
a great extent eliminated by the high perfection in the ingenious 
methods of angle measurement employed, and by the reduction t o 
vanishing point of temperat ure eff ects and the like. 

Of the one-man range-finders the best known is the Ban and 
Stroud, which has been adopted by t he British Govemment, an \, 
by many of the leading nations of the world. The essential part~ 
of the instrument are shown in Fig l. A B is a long tube, shown 
in section in plan. It is ananged like a double periscope. To fix 
our ideas let the tube AB lie in the west-east line. At A, the west­
end, is an opening W, through which a beam of light t ravelling 
south enters, a.nd the glass pentagonal prism P (described below) 
bends the beam through a right angle to an easterly direction. 
The beam then traverses the object glass L, and meeting the Yer­
tical mirror MM, which lies north-west and south-east, it is r eflect­
ed out southwards through the eye-piece at E. If the source ot 
the beam is very distant, a second beam travelling almost due 
south will enter at the opening w, be bent through a right angle 
by the prism p, travel westwards through the lens l and through 
a prism d, of very small angle to the mirror mm situated imm e­
diately below MM and placed north-east and south-west. 'rhis 
beam therefore is also reflected out southwards through the eye­
piece at E. Thus an observer at E, has his field of view divided 
into two parts, the upper part containing an image of what is 



I 
I 

~ 

-- -k­
~ 



PROFESSOR A. D. ROSS 

seen through Wand the lower par t what is seen through w. (~ee 
Fig. 2). 
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FIG. 2, 

Evidently if the object under :)bservatioo is colll paratively 
near and due north of W, the rays of light tra1·ellin g from i t and 
entering w mu st be travelling silgh tly east of south, and., af:tcr 
deviation at p, tra veiling sou th of west. Th ey accordingly fa ll on 
the mirror mm near its sou th-west. edge, and the t wo parts of th e 
fteld of view as seen through the eyepi ce no longer give a natm al 
coincidence. (See F ig. 3)': Thi s displacement towards the left, o[ 

FIG. 3· 

an object in the lower part of the fi eld of view gives a measure of 
the nearness of the object. The distance of the obj ect is not measur­
ed in practice by the displacement, but by the deviation to be mad 
in the beam from w to annul the displacement . The displut:e­
ment is annulled by the motion of the defl ecting prism d in the 
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right-band portion of the tube. A the prism is of very small 
angle it deflects the ray only v ry slightly to the northward a,nd by 
a constant amount. Suppose. the ray between L and d to be 
travelling very slightly south: of west and between d and mm to 
be travelling very slightly north of west. If d is placed close to 
l the ray is only for a short distance travelling south of west, and 
for a much longer distance travelling north of west. On the other 
hand if d is close to mm, the ray for a considerable distance is 
travelling SO Llth of west, and only for a . hort distance norlh of 
west. In the first case the ray will fall at the north-east side of 
mm and in the econd case a,t the south-we t sid e; that is the 
image as seen in the eyepiece will in the first case be to the ri?:ht 
in the field of view and in the second case to the left. By ad­
justment of d accurate natural coincidence can be obtained between 
parts of objects seen in the upper part of the fi eld and in the 
lower. (See Fig. 2). The posit!on of d is altered by a milled 
head screw, and an eyepiece e, enables the obserYer to read off the 
range on a scale moved automatically with d. 

In most range-finders an additional lens system in one branch 
of the tub0 inverts the picture in the upper half of the field of 
view, as it is 'then rath r easier to tell when xact coincidence is 
obtained in the two images of ver tical objects. 

The action of the pentagonal prism reflectors depends on thr 
fact that a ray of light undergoing ·uccessive reflectio11 at two 
mirrors OA and OC (Fig. 4) inclined at 45° is ultimately deviated 

0 

FIG. 4· 

through 90° . The mirrors in the range-finder are the silvered sut­
faces AE, CD, of the glas prism (Fig. 5), and they are maintained 
constantly at 45 °• as the intervening pace is solid glass. The ad­
vantage of thi method of deviation is that the emergent ray is not 
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sen:;ibly affected by the rotation of the prism ABCDE through a 
small angle about an axis perpendicnhtr to the plane of the diagram 
(Fig. 5). 
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FIG. 5. 

The range-finder is made in various sizes from about one yard 
base up to some 20 feet. An idea of the necessary accuracy of 
workma.nship is given by the following figures. With an 8-foot 
base, the parallax angle is only 52 secs. for a 6-mile range, and to 
give the range to 20 yards the angle is required accurate to a tenth 
of a second. (A tenth of a second is the angle between two lines 
whie:lt div rge from a point and reach the opposite sides of the 
diameter of a halfpenny over 30 mile distant!). 

It is evident that these range-finders are at once high preci­
sion scientific instruments and apparatus which have to withstand 
rough service. Every precauti n is taken to have the instrument 
thorough ly aged ctnd sett.led by jarring it repeatedly before its 
final ad justment at the manufacturing wo rks. It can also be rapid­
ly adju t cl on service by lJServ&tion of a tar or test bar. Tem­
perature ffects are alm0st completely eliminated by mounting the 
optical parts on a fine girder metal framework kept at a uniform 
temperature throughout by a good air circulation. 

One exceedi ngly valuable ad junct of the Barr and Stroud 
range-finder is a cylindrical !en astigmati er which can be intro­
duced into the optical path . By its use gun flashes and ships lights 
at night are drawn out into verti a] lines suitable for setting the in­
strument. The astigmatiser can also be used effectively in day­
time on open country where there a r e no conspicuous objects. 
Heaps of stones appear as a pattern of vertical light and dark line 
vf varying width which permit of accurate etting. 
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